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NUMERICAL INDEX 











































MC14000 | Dual 3-Input NOR Gate plus Inverter 

MC14001 Quad 2-Input NOR Gate 
*"MC14001B | Quad 2-Input NOR Gate 

Mc14002 Dual 4-Input NOR Gate 


MC14002B | Dual 4-Input NOR Gate 


MC14006B | 18-Bit Static Shift Register 
MC14007B | Dual Complementary Pair plus Inverter 
MC14008B | 4-Bit Full Adder 
MC14011 Quad 2-Input NAND Gate 
. MC14011B | Quad 2-input NAND Gate 


MC14012 Dual 4-Input NAND Gate 
MC14012B | Dual 4-Input NAND Gate 
MC14013B | Dual D Flip-Flop — 

.MC14014B | 8-Bit Static Shift Register 
| MC14015B | Dual 4-Bit Static Shift Register 


MC14016B 
MC14017B 
MC14018B 
MC14020B° 
MC14021B 


MC14022B 
MC14023 

MC14023B 
MC14024B 
MC14025 


MC14025B 
MC14027B 
MC14028B 
~ MC14032B 
MC14034B8 


MC14035B 
MC14038B 
MC14040B 
- MC14042B 
MC140438 


MC14044B 
MC14046B 
MC14049B 
MC14050B 
MC14051B 


*Add suffix to part number on all orders. 

AL 3 to 18 V, —55 to +125°C, ceramic package 
CL 3 to 18 V, —40 to +85°C, ceramic package 
cP 3 to 18 V, —40 to +85°C, plastic package 
















Quad Analog Switch/Quad Multiplexer 
Decade Counter/Divider 

Presettable Divide-by-N Counter 
14-Bit Binary Counter 
8-Bit Static Shift Register 


Octal Counter/Divider 
Triple 3-Input NAND Gate 
Triple 3-Input NAND Gate 
Seven Stage Ripple Counter 
Triple 3-Input NOR Gate 


Triple 3-Input NOR Gate 
Dual J-K Flip-Flop 

BCD-to-Decimal Decoder 
Triple Serial Adder (Positive Logic) 
8-Bit Universal Bus Register 


4-Bit Shift Register 
Triple Serial Adder (Negative Logic) 
12-Bit.Binary Counter 

Quad Latch 

Quad NOR R-S Latch 


Quad NAND R-S Latch 
Phase-Locked Loop 
Hex Inverter/Buffer 
Hex Buffer 

8-Channel Analog Multiplexer — 






























L Limited voltage range, limited temperature 
range, ceramic package, — 
P Limited voltage range, limited temperature 


range, plastic package 
EFL 3 to 18 V, —55 to +125°C, ceramic package 
FL 3 to 18 V, —40 to +85°C, ceramic package 
FP 3 to 18 V, —40 to +85°C, plastic package 
EVL 3 to6V,—55 to +125°C, ceramic package 
VLE 3 to 6 V, —40 to +85°C, ceramic package 
vP 3 to 6 V, —40 to +85°C, plastic package 
Z .~. Limited voltage range, limited temperature: 
range, leadless ceramic package 


Part 
_ Number Function 



















































"Seeond ff 
Sourced | Page 
AL,CL,CP : 
AL,CL,CP i 
AL,CL,CP 14 
‘AL,CL,CP 14 


AL,CL,CP 







AL,CL,CP 14 
AL,CL,CP 14 
AL,CL,CP 16 
AL,CL,CP 14 





AL,CL,CP 


AL,CL,CP 
AL,CL,CP 
AL,CL,CP 
AL,CL,CP 
AL,CL,CP 


AL,CL,CP 
‘AL,CL,CP 
AL,CL,CP 
AL,CL,CP 
AL,CL,CP 


AL,CL,CP 
AL,CL,CP 
AL,CL,CP 
AL,CL,CP 
AL,CL,CP 


AL,CL,CP 
AL,CL,CP 
AL,CL,CP 
AL,CL,CP 
AL,CL,CP 


AL,CL,CP 





































AL,CL,CP 16 
AL,CL,CP 16 
AL,CL,CP 16 


AL,CL,CP 


AL,CL,CP 
AL,CL,CP 
AL,CL,CP 
AL,CL,CP 
AL,CL,CP 









TETTLIVEL ETL ELE LTE ET E(TER EEE EE ELLE EEL oll 


Chips are available for all McMOS types. 


Consult your Motorola Sales Office or 


Authorized Motorola Distributor. 


NUMERICAL INDEX (continued) 


Part Second 
Number Sourced 


MC140528 | Dual 4-Channel Analog Multiplexer AL,CL,CP 
MC14053B | Triple 2-Channel Analog Multiplexer AL,CL,CP 
MC14066B | Quad Analog Switch AL,CL,CP 
MC14068B | 8-input NAND Gate - AL,CL,CP 
MC14069B | Hex Inverter AL,CL,CP 


'MC14070B | Quad Exclusive OR Gate AL,CL,CP 




































































MC14071 Quad 2-Input OR Gate AL,CL,CP 14 
MC14071B | Quad 2-Input OR Gate AL,CL,CP 14 
MC14072B | Dual 4-input OR Gate AL,CL,CP 14 


MC14073B 


MC140758 
MC14076B 
MC14077B 
MC14078B 
MC14081 


Triple 3-Input AND Gate 


Triple 3-Input OR Gate 
‘Quad D-Type Register 
Quad Exclusive NOR Gate 
8-Input NOR Gate 

Quad 2-Input AND Gate 


AL,CL,CP 


AL,CL,CP 
AL,CL,CP 
AL,CL,CP 
AL,CL,CP 
AL,CL,CP 




















































MC14081B | Quad 2-Input AND Gate AL,CL,CP 14 
MC14082B | Dual 4-Input AND Gate AL,CL,CP 14 
MC14093B | Quad 2-Input NAND Schmitt Trigger AL,CL,CP 14 






MC14160B 
MC14161B 


MC14162B 
MC14163B 
MC14174B 
‘MC14175B 
MC14194B 


MC14408 


Decade Counter (Asynchronous Clear) 
Binary Counter (Asynchronous Clear) 


AL,CL,CP 
» AL,CL,CP 


AL,CL,cCP | 
AL,CL,CP 
AL,CL,CP 
AL,CL,CP 
~AL,CL,CP 



















Decade Counter (Synchronous Clear) 
Binary Counter (Synchronous Clear) 
Hex D Flip-Flop 

Quad D Flip-Flop 

4-Bit Universal Shift Register 






















Binary-to-Phone Pulse Converter © 


MC14409 | Binary-to-Phone Pulse Converter 16 
MC14410 | 2-of-8 Tone Encoder 16 
MC14411 Bit-Rate Frequency Generator 24 


MC14412 
MC14415 


Universal Low-Speed Modem 













_ Quad Precision Timer/Driver EFL,FL,FP, 





















, EVL,VL,VP 
MC14419 2-of-8 Keypad-to-Binary Encoder L,P 16 
MC14422 | Remote Control Transmitter P 16 
MC 14431 12-Bit A/D Converter L,P 24 


MC 14433 
MC 14435 


- 3% Digit A/D Converter 
3% Digit A/D Logic Subsystem 


L,P 
EFL,FL,FP, 
































. EVL,VL,VP 
MC14440_ | LCD Watch/Clock Circuit L,Z 40,36 
MC14450 | Oscillator 216 Divider/Buffer LP 6 
MC14451 Oscillator/Divider/Buffer LP 16 





MC14452, 
MC14490 


P 


EFL,FL,FP, | 
EVL,VL,VP 


Digitally Trimmed Frequency Divider 









Hex Contact Bounce Eliminator 




















MC14501 | Triple Gate AL,CL,CP | 16 
| MC14502B | Strobed Hex Inverter/Buffer AL,CL,CP 16 
MC14503B | Hex 3-State Buffer. AL,CL,CP | 16 


MCM14505] 64 x 1-Bit Static RAM _AL,CL,CP 









DADOD 
oo ? | } 
™ gt OE AO OSL Or One ? AAGAAa Ag aaa qagd 




















MC14506B | Dual Expandable AOI Gate AL,CL,CP 
MC14507 Quad Exclusive OR Gate AL,CL,CP 
MC14508B | Dual 4-Bit Latch ' AL,CL,CP 
MC14510B | BCD Up/Down Counter AL,CL,CP 


MC14511B 
*Suffixes defined on page. ii. 


BCD-to-7 Segment itchy Osendar/Oviver AL,CL,CP 


NUMERICAL INDEX (continued) 


Part 
Number 


MC14512 

MC14514B 
MC14515B 
MC14516B 
MC14517B 


MC14518B 
MC14519B 
MC14520B 
MC14521B 
MC14522B 


MCM14524 
MC14526B 
MC14527B 
MC14528B 
MC14529B 


MC14530B | 


MC14531B 
MC14532B 
MC14534B 
MC14536B 


MCM14537 
MC14538B 
MC14539B 
MC14541B 
MC14543B 


MC14549B 
MCM14552 
MC14553B 
MC14554B 
MC145558 


MC14556B 
MC14557B 
MC14558B 
MC14559B 
MC14560B 


MC14561B 
MC14562B 
MC14566B8 
MC14568B 
_MC14569B 


MC14572 
MC14580B 

 MC14581B 
MC14582B 
MC14583B 


MC14584B | 


MC14585B 
MCM14505 
MCM14524 
MCM14537 
MCM14552 


8-Channel Data Selector 

4-Bit Latch/4-to-16 Line Decoder (High) 
4-Bit Latch/4-to-16 Line Decoder (Low) 
Binary Up/Down Counter 

Dual 64-Bit Static Shift Register 


Dual BCD Up Counter 

4-Bit AND/OR Selector 

Dual Binary Up Counter 

24-Stage Frequency Divider 
Programmable BCD Divide-by-N Counter 


256 x 4-Bit Read Only Memory 
Programmable Binary Divide-by-N Counter 
BCD Rate Multiplier 

Dual Monostable Multivibrator 

Dual 4-Channel Analog Data Selector 


Dual 5-Input Majority Logic Gate 
12-Bit Parity Tree 

8-Bit Priority Encoder 

Real Time 5-Decade Counter 
Programmable Timer 


256 x 1-Bit Static RAM 

Dual Precision Monostable Multivibrator 
Dual 4-Channe! Data Selector/Multiplexer 
Programmable Oscillator-Timer 

BCD-to-7 Segment Latch/Decoder/Driver 


Successive Approximation Register 
64 x 4-Bit Static RAM 

3-Digit BCD Counter 

2 x 2-Bit Parallel Binary Multiplier 
Dual Binary to 1-of-4 Decoder 


Dual Binary to 1-of-4 Decoder (Inverting) 
1-to-64-Bit Variable Length Shift Register 
BCD-to-7 Segment Decoder 

Successive Approximation Register 
NBCD Adder 


9’s Complementer 

128-Bit Static Shift Register 

Industrial Time Base Generator 

Phase Comparator/Programmable Counter 
Dual Programmable BCD/Binary Counter 


Hex Gate 

4 x 4 Multiport Register 
4-Bit Arithmetic Logic Unit 
Look-Ahead Carry Block 
Dual Schmitt Trigger 


Hex Schmitt Trigger 

4-Bit Magnitude Comparator 

64-Bit Static Random Access Memory 
1024-Bit Read Only Memory : 
256-Bit Static Random Access Memory 
256-Bit Static Random Access Memory 


AL,CL,CP 
AL,CL,CP 
AL,CL,CP 
AL,CL,CP 
AL,CL,CP 


AL,CL,CP 
AL,CL,CP 


AL,CL,CP | 


AL,CL,CP 
AL,CL,CP 


AL,CL,CP 
AL,CL,CP 
AL,CL,CP 
AL,CL,CP 
AL,CL,CP 


AL,CL,CP 
AL,CL,CP 


AL,CL,CP_ 


AL,CL,CP 
AL,CL,CP 


AL,CL. 
AL,CL,CP 
AL,CL,CP 
AL,CL,CP 
AL,CL,CP 


AL,CL,CP 
AL,CL,CP 
AL,CL,CP 
AL,CL,CP 


-AL,CL,CP 


AL,CL,CP 
AL,CL,CP 
AL,CL,CP 
AL,CL,CP 
AL,CL,CP 


AL,CL,CP 
AL,CL,CP 
AL,CL,CP 
AL,CL,CP 
AL,CL,CP 


AL,CL,CP 
AL,CL,CP 
AL,CL,CP 
AL,CL,CP 
AL,CL,CP 


AL,CL,CP 
AL,CL,CP 
AL,CL,CP 
AL,CL,CP 
AL,CL 
AL,CL,CP 


. NMOS Devices Desianee to work with the MC14422 CMOS device: 


Second 
Sourced 


oO | ; 7 . 








“Suffixes defined on page ii. 


Ae aes 
| 














Device 


NAND Gates 


MC14011 | 
MC14011B 
MC14093B8 
MC14023 
MC14023B 
MC14012 
MC14012B 
MC14068B 


NOR Gates 


MC14001 
MC14001B 
MC14025 | 
MC14025B 
MC14000 
MC14002 
MC14002B | 

- MC14078B 


AND Gates 


MC14081 | 
MC14081B 
MC14073B 
MC14082B 


OR Gates 


MC14071 

MC14071B 
MC14075B 
MC14072B 


Complex Gates 


MC14070B 
MC14077B 
MiC14501 


'MC14506B 
MC14507 
MC14519B 


MC145308 
MC14572 


McMOS SELECTION GUIDE BY FUNCTION 


Function 


Quad 2-Input NAND Gate... 2... 20.0. te te ew ees 
Quad 2-Input NAND Schmitt Trigger 2... ee ee es 
Triple 3-Input NAND Gate .. 0.0.0.0... 2.0 eee ew et tw ew ens a 


Dual 4-Input NAND Gate ...... sen Ba any ae Seedy soy ur See lan hy wash Mateat SANS fe tee Bin a May Se vous 
8-Input NAND Gate .............-002 20008 Sate te be Rhgh tee 2b, ed Wwe 4 


Quad 2-Input NOR Gate. .............. Bian et Gp tah a taa estan Gt apstacec eka 


Qued 2-Input NOR Gate. 205. lc eee eee eens 
Tripte 3-lnput: NOR Gate: 40.02. oecsiae Dice aoa AR eee Ee a eas 
Dual 3-Input NOR Gate plus Inverter ....... - ae: Seer eae he sharin che A 
Dual 4-Input NOR Gate .............. TOS ener ree 
B-Input-NOR Gate: . «cid bn fee ee OS ee Bei SE a ees 


Quad 2-input AND Gates... 2560 ade Ea ea ee WE ee ee 


Triple 3-Input AND Gate: oink. ak ie ee eb ea Se ee eee 
Dual 4-Input AND Gate . 0... ee te ee es 


Quad 2-Input OR Gate... . 0.0.0... ee ee es Mate Mice wee: Piero eae 


Triple’3-Input OR Gate- 5.6 5. Sek de ose soe eee Eee SR Sa ee 
Dual 4-Input OR Gate... .......... a eee ee ae Sa aes ea ee 


Quad Exclusive OR Gate.............. Mh aaa Fala G oes Rgds beat Bek va te avs 
Quad Exclusive NOR Gate....... Sab en aoa oy gt Shale chs Mee Wins sae aaa sees es ec 
Triple Gates: 6.6. een At ao es ee See ees aan desl 3B “fai ae'siong: “outs: Jphoa: abv! 
. (Dual 4-Input NAND Gate and 2-Input NORIO Gate 
or 8-Input AND/NAND Gate) 
Dual Expandable AND-OR- INVERT Gate: ..... Ax a celia tals wie Seceua esta Ka. tae thie th bik ahd 
Quad Exclusive OR Gate... 0. 2 ee ee ee eet eer tat Oo, et aha AE 
4-Bit AND/OR Selector .. 0.0.0.0... fe ee te ee ee es ster festa. alte 
(eee 2-Channel Data Selector or Quad Exclusive NOR Gate) 


(Quad !nverter plus 2- -Input NOR Gate plus 2-Input NAND Gate) 


McMOS SELECTION GUIDE BY FUNCTION (continued) 


1, Inverters/Buffers 
MC14007B Dual Complementary Pair plus Inverter : sh oariei abe ahs A Lents Say) WAR eo eae. wite eae 5-19 
MC14049B Hex: Inverter/Butfers. «3.5.62 Sete a bye he and ke Sa ee ee we eee wl aE 5-120 
MC14050B Hex:Bufferos g.cc- ace oa S Be 225 Ge ee aged Slee es Se Wale 5-120 
MC14069B ex: LNVERtOK ice oe se ate gece ee aan gh See er tT: Ste RSS, Sates wel a elas 5-136 © 
MC14502B Strobed Hex Inverter/Buffer.. 2... et et te tw ee 5-235 
MC14503B Hex 3-State Buffer... cb cee te ee 5-239 
MC14584B Hex Schmitt Trigger .. 2... ee ee ais ahi, Abe BOE, See PE SS 5-489 
Decoders/Encoders 
“MC14028B BCD-to-Decimal/Binary-to-Octal Decoder... 0... ce te 5-81 
MC14514B —.: 4-Bit Latch/4-to-16 Line Decoder (High) .......... be sale Gate sel a sae ae 5-280" 
MC14515B  =—s_ 4-Bit Latch/4-to-16 Line Decoder (Low). . 2... eee ee ee 5-280 
MC14532B 8-Bit Priority Encoder... 0... 0. ee ee eee 5-351 
MC14555B Dual Binary-to-1-of-4 Decoder/Demultiplexer.... 0.0.0.2... 00.0000 ee eee 5-420 
MC14556B Dual Binary-to-1-of-4 Decoder/Demultiplexer (Inverting).............5.- 5-420 
Display Decoders 
MC14511B BCD-to-Seven Segment Latch/Decoder/Driver ... 2.2... eee ee ee ee 5-269 
MC14543B BCD-to-Seven Segment Latch/Decoder/Driver .. 2... .... 02 cee eee eens 5-391 
MC14558B BCD-to-Seven Segment Decoder ..... 0... 2... eee ee et es 5-427 
Multiplexers/Demultiplexers/Bilateral Switches 
MC14016B Quad Analog Switch/Quad Multiplexer... 0... ee ee 5-45 
MC14066B Quad Analog Switch/Quad Multiplexer . 2... 2... ee ee ee es a+ + « 5-130 
MC14053B Triple 2-Channel Analog Multiplexer/Demultiplexer. 2... ....0.0.0 8 eeu 5-124 
MC14052B Dual 4-Channel Analog Multiplexer/Demultiplexer...........002 520000 5-124 
MC14529B Dual 4-Channel Analog Data Selector ..... 2... 2... 2... ee eee wee -, 5-337 
MC14539B Dual 4-Channel Data Selector/Multiplexer ......0.0. 0.00. eee ee ee eee 5-381 
MC14051B 8-Channel Analog Multiplexer/Demultiplexer... 0... 0.00. ee ee eee ee 5-124 
MC14512 8-Channel Data Selector... 2... em es 5-275 
MC14519B 4-Bit AND/OR Selector asc ik ee a eee ee ee ak eae 5-301 
Schmitt Triggers 
MC14093B Quad 2-Input NAND Schmitt Wiggers 66 ch a ee we a ee Ha As ne 5-152 
MC14583B Dual Schmitt Trigger... .........20. ela at Siig ae Ue rets ete e Aer ee a4 5-483 
MC14584B Hex Schmitt Trigger: 2.5.0. oes ces Roe be eee a ee A A ae: & 8 pe ee . 5-489 
Flip-Flops/Latches 
MC14013B Dual Type.D Flip-Flop. 20:06 se be ea ee he EN ee ee ee eee 5-31 
MC140278 Dual J-K Flip-Flop . 0... ee ee ens Migide: Be Peugetente 4: 5-77 
MC14042B Quad: Latch’ «oo 6.8 aeons: Bites. a a hd ease A 2 eb eee a ane Te tah eek pes ee aie 5-107 
MC14043B Quad NOR R-S Latch .... 2... eee see a UMA yon ecda dapta. tg oh toe lac uRaaals 5-111 
MC14044B Quad NAND R-S Latch 2.00 ee ee ee ee ee we NNT 
MC14076B Quad D-Type Register ...... Wa nscGe ons ah rated vanenecs ada: “Sa egiratsal eed ge Salveclae a i apt tet 5-144 
* MC14175B Quad Type D Flip-Flop ....... BES oe ebay ai Be vege ean Mh de cecran tala: ine osha Roe seks 5-167 
MC14508B Dual 4-Bit Latch ........0... BaZa? oydar tes, Mae ati, oleae eter ber: 2! an See hate dacce '. . 5-258 
MC14174B 5-163 


Hex Type D Flip-Flop... 0.2.2.0... .000. Ba Aedes ath iche, MO delae ra eee eis 


McMOS SELECTION GUIDE BY FUNCTION (continued) 





Shift Registers 
MC140358 4-Bit Parallel-In/Parallel-Out Shift Register . 2... 0. oe ee ee 5-98 
MC14194B ~=—s_ 4-Bit Bidirectional Universal Shift Register... .......- 2.020.000. ee eee 5-171 
MC140158 Dual 4-Bit Static Shift Register... 0... ee ee ee ee 5-39 
MC14014B 8-Bit Static Shift Register 2... 0 te Se eg 5-35 
MC140218 8-Bit Static Shift Register 2... et ww es 5-64 
MC14034B —s 8-Bit Universal Bus Register... 2.0... ee es 5-91 
MC14006B 18-Bit Static Shift Register 2... ee ee es 5-15 
MC14557B 1-to-64 Bit Variable Length Shift Register... 0.0... 0 ee 5-423 
MC14517B Dual 64-Bit Static Shift Register .......... ak pets Se taeeyse 3 calf ss a hg? a: senses) WRG 5-292 
MC14562B 128-Bit Static Shift Register... 2... et te eee , 5-443 

Counters 
MC140248 Seven-Stage Ripple Counter... 0... ee te es 5-71 
MC14017B Decade Counter/Divider . 2. 2. 0 0 ee ee es 5-51 
MC14018B Presettable Divide-by-N Counter .. 2... 2.0.0... 00. ee eee eee ee es 5-56 
MC14160B Decade Counter (Asynchronous Clear)... 00 ee ts 5-155 
MC14162B Decade Counter (Synchronous Clear) ....... Bn Bec df Day ahaa init inh a ehei a a 5-155 
MC14510B BCD Up/Down Counter .. 1. 0 ee 5-263 
MC14522B Programmable Divide-by-N 4-Bit Counter (BCD) ....... ee ee oe ee ee 5-312 
MC14040B 12-Bit Binary Counter: : 0. bee 6 a ae ae wk iw ee ee ee es 5-103 
MC14020B 14-Bit Binary Counter... es 5-60 
MC14022B Octal Counter/Divider . 0. 0 ee te ee ees 5-65 
MC14161B 4-Bit Binary Counter (Asynchronous Clear). 2... 5-155 
MC141638 4-Bit Binary Counter (Synchronous Clear). 2... ee es 5-155 
MC14516B Binary Up/Down Counter... 0.0. 1 es 5-286 
MC14526B Programmable Divide-by-N 4-Bit Counter (Binary)... .........2.2.02 02005 5-312 
MC14518B Dual BCD: Up Counter 5.6 sce ecient Rea ele ee 5-296 
MC14520B Dual Binary Up Counter... 2. ee ee es 5-296 

* MC14569B Dual Programmable BCD/Binary Counter... 0.0 2 ee ee 5-461 

MC14553B Three-Digit BCD Counter . 2... ee 5-410 
MC14534B Real Time 5-Decade Counter .. 2... 1. ce ee 5-357 
MC14566B Industrial Time Base Generator. ........ Ping cass ‘wh od ve, Sanna, Abia: saved, cd toh aynbo te: Sooo 5-447 

Oscillators/Timers 
MC14521B 25-Stage Frequency Divider... 1... 1 ee .. . 5-306 
MC14536B Programmable Timer. .:.. aN giceea Se RS avec e cap eke Boe Coed eae ae ee dee ee ows 5-363 
MC14541B Programmable Oscillator/Timer. 2. 0. 0. ce te ee 5-385 
MC14450 Oscillator/216 Divider/Buffer... 2... ee ee ee 5-216 
MC14451 Oscillator/211 to 219 Divider/Buffered Duty Cycle Control... ........ 2. . 5-220 


MC14452 Digitally Trimmed Frequency Divider . ... 2... ee ee es 45 


Phase-Locked Loops 


MC14046B  =Phase-Locked Loop... 2... ......000 22s eee SNe sesh At ett hed ., 5-115 

MC14568B Phase Comparator and Programmable Counter... 2.2... - 622022 eee aes 5-453 
Multivibrators 

MC14528B Dual Retriggerable/Resettable Monostable Multivibrator .........0.0 02005 5-332 


MC14538B _—— Dual Precision Retriggerable/Resettable Monostable Multivibrator.... . Poe eee 5-378 


1-K 


~McMOS SELECTION GUIDE BY FUNCTION (continued) 
1 | Adders/Comparators . 5 

MC140088 S-Bit PU AdGON oo F505 are oe: oe we Sw re ik ie og EA ante n weeratieee fe 5-23 
MC14032B -_ Triple Serial Adder (Positive Logic)....... eS ebde Sle Dasa a iw wie ier ceece bens eke ars Gane 5-86 
MC14038B ‘Triple Serial Adder (Negative Logic)... ........-.---200- Par er es 5-86 
MC14560B NBCD Adder ................ is arn Ncate aca rata meta. ee anteuee ate 5-433 
MC14561B 9’sComplementer.......0.0. 0.0000 ce eee et ew ete ee ee ee 5-437 
MC14582B Look-Ahead Carry Block... .........006- Salat alate weve ee ee +» 5-479 
MC14585B 4-Bit Magnitude Comparator ...........-2-000005 Se ee ee eee 5-492 

ALU Rate Multipliers 
MC14527B = BCD Rate Multiplier... 2.0.2.2... eee. nae a Ca aeare pels ett Ace 5-326 
MC14554B) = 2: x 2-Bit Parallel Binary Multiplier. . 0... ee eee ee 5-416 | 
MC14581B = 4-Bit Arithmetic Logic Unit... 2... ee ee eee 5-474 

Parity Checker 
MC14531B . 12-Bit Parity Tree... ee te ee we. 5-348 

Memories 
MC14580B 4x4 Multiport Register... et ee ees 5-469 
MCM14505 64-Bit Static Random Access Memory. ........... 0200808 ee Serer gee ee 5-243 » 
MCM14537 =. 256 -Bit Static Random Access Memory ............ alae tee ala Gitte wise 5-370 
MCM14552. =. 256-Bit Static Random Access Memory ......... eae coill inv Sabcey sel ee walacPes co 5-403 
MCM14524 1024-Bit.Read Only Memory ..............000005 1 Bd Kiger ae Rae 5-319 

_ Communications/Telephone Functions 

MC14408 Binary to Phone Pulse Converter Subsystem... 6.2... 0... 0 eee ee eae «8-175 
MC14409 Binary to Phone Pulse Converter Subsystem. .......... Ae ROMS OE antl ee wan 5-175 
MC14410 2-of-8 Tone Encoder......:....... ite Nas ei ov alee sah We OR Ra wore ager: Saeine 1... 5-183 
MC14411 Bit Rate Generator. 2... 1 ee te ee fot Sate he ae “5-187 
MC14412 _ Universal Low-Speed Modem .. 1.0... 0 ce te te ee ee te ee ee 5-191 
MC14419 2-of-8 Keypad-to-Binary Encoder... ........2005 oi Rvs andar at ont Ge poe te de: apy ee 5-201 

A/D Converter/Logic Functions 

~ MC14431 . 12-Bit A/D Converter Digital Subsystem. .... . te tiation Gee Stale ie wane 4-3 

MC14433 3-% Digit A/D Converter... ........... say ibe ha eidcleia elie BTR Oh Aas Sus 3 4-4 
MC 14435 3-% Digit A/D. Logic Subsystem... 2. 2 ee ee ee ee ga aeads alriay Save Galva 5-205 
MC14549B Successive Approximation Register... ...........--. he! Gris Tettgn tac ce Seren ae 5-396 
MC14559B Successive Approximation Register.........-....-- flee saad cate: ‘ahlesigeins ov tacinr 5-396 

Other Complex Functions 
MC14415. Quad Precision Timer/Driver .........00.00000005 es fothal & htt .. . 5-196 
MC14422 Remote Contro! Transmitter... 6... le ee ee A erdtty aan te eacete 4-2 
MC 14440 LCD Watch/Clock Circuit ........ Bea lb ae aS at ais inc nN ae Se by eon a aE xe Bot 5-212 
MC14490 a 


Single-Level 


Buffers & Multifunction/ | Decoders/ 
NOR/NAND OR/AND inverters . AOi Encoders ; 


MC14000 
 MC14001 
MC14001B 
mc14002 
MC14002B 
mci4011 
MC14011B 
Mc14012 
MC14012B 
MC14023 
MC14023B 
MC14025 
MC14025B 
- MC140688 


MC140788 
MC14501 
MC14572 





Shift 
Registers 


MC14006B 
MC14014B 
MC14015B 
MC14021B 
MC14034B 
MC14035B 
MC14194B 
MC14517B 

. MC14557B 

MC14562B 














Multi plexers/ 
Demuilti plexers, 
Bilateral 
Switches - 


MC14016B 
MC14051B 
MC140528 
MC14053B 
MC140668 
MC14512 

MC14519B 
MC14629B 
MC14539B 






MC14071 
MC14071B 
MC14072B 
MC14073B 

-MC140758 

MC14081 
MC14081B 
MC14082B 





MC14020B 
MC140248 
MC 140408 
MC14534B 
MC14566B 








Display 
Drivers/ 
Encoders 


MC14511B" 
~MC14543B 
MC14558B 















‘SUMMARY OF MOTOROLA CMOS LINE 


MC 140078 
MC14049B 
MC14050B 
MC14069B 
MC14502B 
MC14503B 


MC140178 
MC14018B 
MC140228 
MC14160B 
MC14161B 
MC14162B 
MC141638 
MC145108 
MC14516B 
MC14518B 
MC145208 
MC145228 
MC14526B 
MC14553B 
MC145698 


Arithmetic Circuits 


\ 


Adders/ 
Comparators 


MC14008B 
MC14032B 
MC14038B 
MC14560B 
MC145618 
MC14582B 
MC14585B 









MC14070B 
MC14077B 
MC14506B 
MC 14507 

MC14519B 
MC145308 


Oscillators 
Ripple Synchronous & Timers 


MC14450 
MC14451 
Mc14452 
MC14521B 
MC14536B 
MC14541B 













. ALU/Rate 
Multipliers 


MC14527B 
MC 145548 
MC14581B 






Multi-Level 


MC14028B 
MC14514B 
MC14515B 
MC14532B 
MC14555B 
MC14556B 






MC14046B 
MC14568B 


Parity — 
~ Generator/ 
’ Checker 


MC14531B 


Schmitt 
Triggers 
MC14093B 
MC14583B 
MC14584B 


MC14580B 


Communication/ 
Telephone 


MC14408 
MC14409 
MC14410 
MC14411 
MC14412 
MC14419 






Flip-Flops/ 


Latches 
MC14013B 


- MC140278 


MC140428 
MC140438 
MC14044B 
MC714076B 
MC14174B 
MC14175B 
MC14508B 


Memories 


Multiport 
Register 
MCM14505 mcM14524 | 
MCM14537 


MCM14552 ° 





A/D 
Converters 
MC 14431 
MC 14433 
MC 14435 
MC145498 
MC14559B 


Multi- 
vibrators 


MC14528B 
MC14538B 























Other 
Compiex 
Functions 


MC14415 
MC14422 
MC14440 
MC14490 
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B-SERIES FAMILY DATA 


The CMOS Devices in this volume which-have a B 
suffix meet the minimum. values for the industry- 
standardized* family specification for the B Series. 


These standardized values are shown in the Maximum 


Ratings and Electrical Characteristics Tables. 


The B-Series devices are compatible with the . 


other devices in the CMOS product line. Features 
_include: 

e All buffered outputs 

e 3-18 volt operational limits 


e Capable of driving two low-power TTL loads, 
one low-power Schottky TTL load, or two 
HTL loads over the rated temperature range 


@ Maximum input current of +1 “A at 15 volt 


power supply over the temperature range 


@ Parameters specified at 5.0, 10, and 15 volt 
supply 
® Noise margins of 1.0 V min @ 5.0 V supply 
- 2,0 V min @ 10 V supply 
2.5 V min @ 15 V supply 


For the industry-standardized B series, the maxi- 
mum ratings and recommended operating range are 
shown at the bottom of this page. The industry- 
standardized limits for the static characteristics are 
shown in two formats: Table 1 is in the industry 

_ format and Table 2 is in the equivalent Motorola for- 
mat. ‘The Motorola format is used throughout this 
data book. Additional specification values are show 
on the individual data sheets. 

Switching characteristics for the B-series devices 
are specified under.the following conditions:  ' 


Load Capacitance, C;_, of 50 pF 


Input pulse voltage equal to +V pp supply voltage 


Input pulse rise and fall times of 20 ns 


Propagation Delay times measured from 50% - 


point of input voltage to 50% point of output 
voltage a 
Three different supply voltages: 5, 10, and 15 V 


- Exceptions to the B-Series Family Specification 
There are a number of devices which have a B 

suffix whose input and/or outputs vary somewhat 

from the B-Series family specification because of 


functional requirements. Some categories of notable 
exceptions are: ; 
Inverting buffers with only one stage of buffering 
do not meet the input voltage specification. 


Deviceswith specialized outputs on the chip, such 
as NPN emitter-follower drivers or transmission 
gates, do not meet output specifications. 


Devices with specialized inputs, such as-oscillator 

inputs, have unique input specifications. 
Input Voltage 

The input voltage specification is interpreted as 
the worst-case input voltage to produce an output 
level of “1” or “O". The ‘'1" or 0” output level is 
defined as a deviation from the supply (Vpp) and 
ground (Vgs) levels. For a 5.0 V supply, this devia- 
tion is 0.5 V; for a 10 V supply, 1.0 V; and for 15 V, 
1.5 V. As an example, in a device operating at a 
5.0 V supply, the device with the input starting at 
ground is guaranteed to switch on or before 3.5 V 
and not to switch up to 1.5 V. Switching and not 
switching are defined as within 0.5 V of the ideal 
output level for the example with a 5.0 V supply. 
The actual switching level referred to the input is . 
between 1.5 V and 3.5 V. 
Noise Margin 

The values for input voltage and the given 
defined output deviation lead to minimum noise 
margins of 1.0 V,2.0 V, and 2.5 V fora5.0V,10V, 
and 15 V supply, respectively. 
Output Drive Current 

Devices in the B Series are capable of sinking a 
minimum of 0.36. mA over the temperature range 
with a 5.0 V supply. This value guarantees that these 
CMOS devices will drive Schottky low-power TTL 
inputs which require 0.36 mA maximum over the 
temperature range. 
Compatibility 
' Other devices in the CMOS line not tabeled with 
the B suffix also have 3.0 to 18 volt operating limits. 
These devices are fully compatible with B-Series de- 


‘vices over the full voltage range. Notable in this 


group is a series of eight gates available in non- 
buffered (numbered without the B suffix) and 
buffered designs (B suffix on the part number). 


MAXIMUM RATINGS (Voltages referenced to Vss) 


DC Supply Voltage 
Input Voltage, All Inputs 
DC Current Drain per Pin 


Operating Temperature Range — AL Device 
, CL/CP> Device 


RECOMMENDED OPERATING RANGE | 


-0.5 to +18 ~ Vde 
-0.5 to Vpp + 0.5 Vdc 


) -55 to +125 
~40 to +85 


-65 to +150 





DC Supply Voltage ‘| Vpp +3.0 to +15 Vde 


*Specifications coordinated by EftA/JEDEC Solid-State Products Council. 





TABLE 1 — INDUSTRY FORMAT FOR CMOS INDUSTRY B-SERIES SPECIFICATIONS 
ELECTRICAL CHARACTERISTICS 


_ | TEMP | Vpp . 
PARAMETER RANGE | (Vde) CONDITIONS 


Quiescent : 
Device Current . 
; i Vin = Vss or Vop 
All valid input 
combinations 
i Vin = Vss or Vop 
BUFFERS, ; , 
FLIP-FLOPS All valid input 
combinations 
i Vin = Vss or Vop 
; Alt vatid input 
combinations 


Low-Level 
Output Voltage 


Vin = Vss or Vop 
Hol<1RA 


se af 


High-Level 
Output Voltage Vin = Vss or Vop 
Hol<1zA 


Vo = 0.5V or 4.5V 
Vo = 1.0V or 9.0V 
Vo = 1.5V or 13.5V 
Ilgi<1KhA 

Vo = 0.5V or 4.5V 
Vo = 1.0V or 9.0V 
Vo =15Vor13.5V 
Hol<tua 


Input 
Low Voltage 


Input 
High Voltage 


Output Low 
(Sink) Current 


Vo = 0.4V, 

VIN =O or 5V 
Vo =05V, 

Vin =Oor 10V 
Vo = 15V, 

Vin = Oor 15V 


Vo =04V, 

Vin =0or 5V 
Vo = O.5V, 

Vin =Oor 10V 
Vo = 1.5V, 

Vin = 0 or 15V 


{OH | Output High Vo = 4.6V, 
(Source) Current Vin =O or 5V 
Vo =9.5V, : 
i Vin =90 or 10V 
Vo = 13.5V, 
Vin = 0 or 15V 
Vo =4.6V, 
Vin = 0 or 5V 
Bo Vo =9.5V, 
Vin =O or 10V 
-| Vo =13.5V, 
Vin = 0 or 15V 


Input Current Mil Vin = 0 or 15V 
Comm Vin = 0 or 15V 


Input Capacitance All Any Input : 


per unit load 


Mit 
Com 


= 
fo) 


_ 
an 


rane 


+0. 
40.3 





*TLOw = —55°C for Military temperature range device, 40°C for Commercial temperature range device. 
THIGH = +125°C for Military temperature range device, +85°C for Commercial temperature range device. 
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TABLE 2 — MOTOROLA FORMAT FOR CMOS INDUSTRY B-SERIES SPECIFICATIONS 
ELECTRICAL CHARACTERISTICS : 


Characteristic Symbol Vde |} Min | | Min | 
Output Voltage “O" Level | Vo_ | 5.0 0.05 ‘ : 
Vin=Vpp orO | 10 0.05 F 0.05 
7 15 0.05 ; 0.05 
“1 Level VOH 4.95 4.95 Vde 
, 9.95 9.95 
14.95 14.95 






























Vin = 0 or Vpp 9.95 
14.95 
Input Voltage # “0” Level Vit Vde 
(Vo = 45 or 0.5 Vdc) 15 
(Vo =9.0 or 1.0 Vdc) 
(Vo = 13.5 or 1.5 Vde} 
“i Level | Vin Vde 
(Vo = 05 or 45 Vdc) 3.5 3.5 
(Vo = 1.0 of 9.0 Vdc) 7.0 70 
(Vo = 1.5 or 13.5 Vde) 11.0 11.0 








Output Drive Current (AL Device) mAdc 
(Voy = 4.6 Vdc) Source 
(VoH =9.5 Vde) 
(Von = 13.5 Vde) 
(VoL = 0.4 Vde) Sink 0.36 mAdc 
(VoL = 0.5 Vde) 






(VoL = 1.5 Vde) 
Output Drive Current (CL/CP Device) 






mAdc 







om x= 










(Von = 4.6 Vdc) Source 

(Voy = 9.5 Vde) 

(Von = 13.5 Vde) : 

(VoL =0.4 Vde) Sink lo 0.36 mAdc 
(VoL = 0.5 Vde) 09 

(Voz = 1.5 Vde) : 2.4 








+0.1 
40.3 


pAdc 
pwAdc 


Input Current (AL Device) 
Input Current (CL/CP Device) 


Input Capacitance Cin 
(Vin = 9) 


Gate Quiescent Current 
(Per Package) 


aya Pw 
olo oo 


~ 
ai 
ue) 
nT 






(AL Device) 75 wAdc 





w 
oO 


= ~N 
°o a 


Qa w 
oo 


(CL/CP Device} pAdc 







=a NSN 
amo) 








2.0 
4.0 30 
Flip-Flop and Buffer Quiescent Current 1.0 pAdc 
(Per Package) (AL Device) 2.0 
: . 40 120 
(CL/CP Device) 4.0 30 | uAdc 
8.0 60 
16 120 





150 uAdc 
300 


MSI Quiescent Current {AL Device) 
(Per Package) 


2aalaorlanolan- old Pos 
SCO;IMool/oooIooo wl oon 


oS 






2a 2a Of] a = CO] = = O os = OF 
AOoinoog|Kg{og aoa 










20 600 
(CL/CP Device) 5.0 20 20 - Adc 
10 40 40 
15 80 80 





See Individual Data Sheets. 








LSI Quiescent Current 


*Tiow = —55°C for AL Device, —40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
#Noise immunity specified for worst-case input combination. 
Noise Margin for both “1° and 0” level = 1.0 Vdc min @ Vpp = 5.0 Vdc 
2.0 Vde min @ Vop = 10 Vde 
2.5 Vde min @ Vpp = 15 Vde 
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and Handling. 





McMOS RELIABILITY AND DEVICE 
HANDLING PROCEDURES 


Confident use of a family of components requires 
assurance of the reliability of a component under 
normal operating conditions and the ability of the 
device to survive abnormal conditions that may 
occur. CMOS, and specifically Motorola McMOS, has 
achieved the high confidence level for equipment us- 
age that has been enjoyed by many other semicon- 
ductor products. 


RELIABILITY 


Figure 1 shows the composite failure rate of com- 
mercial ceramic and plastic packaged McMOS inte- 
grated circuits as a function of temperature. Note 
that CMOS devices dissipate little power and work 
nominally close to ambient temperature. This feature 
adds to CMOS reliability. The data shown represent 
over 40 million equivalent device hours and give 
failure rates to the factory set of test limits. This 
standard of failure is more severe than a catastrophic 
failure rate. 


For a more detailed discussion of McMOS relia- 


bility, see Chapter 6. 


HANDLING PRECAUTIONS 


All McMOS devices have diode input protection 
against adverse electrical environments such as static. 


' discharge. The following statement is included on 
‘ each data sheet: 


This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to 
this high impedance circuit. For proper 


operation it is recommended that Vip and 
Vout be constrained to the range Vgs < 
(Vin or Vout) < Vpop. 

“Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vgg or Vpp). 





FIGURE 1 — FAILURE RATE OF 
COMMERCIAL McMOS INTEGRATED CIRCUITS 
(Ceramic and Plastic Packaged Devices) 


0.01 


0.001 


FAILURE RATE (%/1000 HOURS) 
(To Factory Test Limits) 


0.0001 


0.00001. 
' 130 12011010C 90 80 


1000/°K 





10 .¢) 


TEMPERATURE °C 
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Unfortunately, there can be severe electrical 
environments during the process of handling. For 
example, static voltages generated by a person walk- 
ing across a common waxed floor have been measured 
in the 4 to 15 kV range (depending on humidity, 
surface conditions, etc.). These static voltages are 
potentially disastrous when discharged into a CMOS 
input considering the energy stored in the capacity 
(+300 pF) of the human body at these voltage levels. 

Present McMOS gate protection structures can 
generally protect against overvoltages. This is usually 
sufficient except in the severe cases. Following are 
some suggested handling procedures for McMOS 
devices, many of which apply to most semiconduc- 
tor devices. 

1. All MOS devices should be stored or trans- 
ported in materials that are somewhat conduc- 
tive. MOS devices must not be inserted into 
conventional plastic “snow” or plastic trays. 

2. All MOS devices should be placed ona grounded 
bench surface and operators should ground 
themselves prior to handling devices, since a 
worker can be statically charged with respect 
to the bench surface. 

3. Nylon clothing should not be worn while 
handling MOS circuits. 

4. Do not insert or remove MOS devices from 
test sockets with power applied. Check all! 
power supplies to be used for testing MOS 
devices to be certain there are no voltage 
transients present. 


5. When lead straightening or hand soldering is 
necessary, provide ground straps for the 
apparatus used. ; 

6. Do not exceed the maximum electrical vol- 
tage ratings specified by the data sheet. - 

7. Double check test equipment setup for proper 
polarity of voltage before conducting para- 
metric or functional testing. 

8. Cold chambers using CO9 for cooling should 
be equipped with baffles, and devices must be 
contained on or in conductive material, 

9. All unused device inputs should be connected 
to Vpp or Vss. 

When external connections to a PC board address | 
only an input to a CMOS integrated circuit, it is 
recommended that a resistance 10 kQ or greater be 
used in series with the input. This resistor will limit 
accidental damage if the PC board is removed and 
wiped across plastic, nylon carpet or inserted into 
statically charged plastic “‘snow’’. 

' The input protection circuit, while adding some 
delay time, provides protection by clamping positive 
and negative potentials to Vpp and Vgg, respec- 
tively. Figure 2 shows the internal circuitry for the _ 
diode-resistor protection. 

The input protection circuit consists of a series 
isolation resistor Rg, whose typical value is 1.5.kQ, 
and diodes D1 and D2, which clamp the input 
voltages between the power supply pins Vpp and 
Vss. Diode D3 is a distributed structure resulting 
from the diffusion fabrication of Rg. 


FIGURE 2 — SCHEMATIC DIAGRAM, 
DIODE-RESISTOR INPUT PROTECTION 





All present Motorola integrated circuits have the above diode 
protection with the exception of the MC14049 and MC14050. 
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-Product Preview 


MC14422P McMOS LSI 


REMOTE CONTROL TRANSMITTER (LOW-POWER COMPLEMENTARY MOS) 


@ 22 Channel Capacity 


@ Transmission of Information Is Achieved by Time Multi- 
plexing Five Frequencies 


No Possibility of Doppler Effect Interference 16 
Extremely Low External Component Count 
Low Power Consumption 

Designed for Use with the MC6525 and MC6526 CASE 648 





1 


PLASTIC PACKAGE 


Remote Control Receivers 


—p> 


@ Applications in TV Receivers, Security Controls, Toys, 
Industrial Remote Controls, and Remote Control! Locks 


VACA 


cieleiet th, 


g elect tl tL 


¢ 


Vop = Pin 16 
Vsg = Pin8 













|; ee 


Decoder 
and 
56-Bit 
Latch 


Variable 
Divider 


Vpb 







Output 
Gate 


Control | 
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Product Preview 


MC14431 | McMOS LSI 


(LOW-POWER COMPLEMENTARY MOS) 


12-BIT BINARY A/D CONVERTER 
DIGITAL SUBSYSTEM 


On-Chip Clock 
Non-Multiplexed Binary Output 
System Overrange Output 


On-Chip Auto Polarity Sensor 





L SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 716 CASE 709 


S.A Oscillator 
= Inputs 









Auto 
Polarity 
Sensor 








O 
Polarity 







512-Count 
Delay 







Comparator 





12-Bit Binary Counter 













Ramp Ramp 
Control Control 
and 
Overflow 10 


Overflow 


Generator 







Disable 
Vpp = Pin 24 
Vsg = Pin 12 


Binary Outputs 


43 


Product Preview 
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-MC14433._— | McMOS LSI 





3% DIGIT A/D CONVERTER (LOW-POWER COMPLEMENTARY MOS) 
@ Single Chip A/D Converter 
@ Auto Polarity 
@ Auto Zero 
@ Zin > 1000 MQ © 
® Single Positive Voltage Reference 
@® Low External Parts Count 
L SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 716 CASE 709 ‘ 
| >—003 
23 


ae? 
> =<000 
Be rr 
Bars DS3 
Boor DS2 
>= al 


Multiplexer 


External 
Clock 


Resistor POR Re See ee Toe eee es 


10 9 O11 E 
ee 
=H ee HL He Hs] 


Polarity 
Detect } 
2. % 
Control ae Analog 1 Vref=2V 
paid vl een : : + Vin 


a 
o 


>o2 


Overrange 


. 4 ea) 7] a 
Vop=Pin24 . ; Pent \/ ° -, Y 9 ? 
Vsg = Pin 12 , / 
Output Vgg = Pin 13 9 14 
Display End of Integrator 
Update Conversion Resistor and : Sie 
. Capacitor pas! 


4-4 


Product Preview 


MC14452P McMOS LSI 


DIGITALLY TRIMMED FREQUENCY DIVIDER (LOW-POWER COMPLEMENTARY MOS) 


~ @ Count Range = 223 — 23n, where n = 0 to 127 
® Output Drive Current = 15mA @ Vpp = 6 Vde 


@ For 0.5 Hz Output: 
4.194304 to 4.195320 Hz Input 
Recommended crystal frequency = 
4.194812 Hz + 0.00012% 


Can be trimmed with MC14452 to ¥ 
+0.0000019% PLASTIC PACKAGE 


CASE 646 





80 frest = fosc ~ 4 






Counter 
HO4 . Length 
Selection 





Control 







Vop = Pin 14 
Vssg = Pin 7 






Logic 
fout 
(50% 


Duty 
‘Cycle) 


Product Preview 


mces25p i itt” Mos 


REMOTE CONTROL RECEIVER (N-CHANNEL, METAL GATE) 


@ Binary-Coded Output to Address 12 Programs 
@ High Input Sensitivity — 250 mV rms 


®@ Good Noise Immunity — Input Multiplex Signal 
Read Repetitively Up to Eight Times 


internal Up/Down Counter for Program Sequencing 


®@ Designed for Use with the MC14422 Remote 
Control Transmitter PLASTIC PACKAGE 
; CASE 710 





269 240 


Band Pass 
Filter 
(7.3 kHz) 







Schmitt 
Trigger 













Local 
Oscillator 
(1.3 MHz) 






OF Qw 


ai 













Vpp = Pin 28 
Vsg =Pin5 
Vep =Pin1 
VGG = Pin 2 
21 
Mo 
Register 
Contro! 
20 
NO 
From 
Diode : 
Matrix ’ Control Instruction 
Local Debounce Decoder 
_ Control 19 
60 : 
| ; il el Ps 
18 
BO a Re a ae Dee 
Q21 150 017 SK 
022 160 560 O 23 OON 


s 
o 


Product Preview 


MC6526P 


REMOTE CONTROL RECEIVER 
Binary-Coded Output to Address 32, 16, or 8 
Programs 
® High Input Sensitivity—250 mV rms 


® Good Noise Immunity—Input Multiplex Signal 
Read Repetitively up to Eight Times 


Internal Up/Down Counter for Program 
Sequencing 


Designed for Use with the MC14422 Remote 
Control Transmitter , 


Schmitt 
Trigger 





B > 
N 

O pa} ie) 

ef 


Scanner 






Oscillator 
(1.3 MHz) 


Or Qw 






ak 












pj jt 
beanie 
fsa 
Memory 2 L 
(5 Bit Latch) 


MOS — 


(N-CHANNEL, METAL GATE) 





PLASTIC PACKAGE 
CASE 710 




















Band Pass 
: Voltage 
Filter cC 
(7.3 kHz) Omparator 















ae 
fe 
=Pi fis Re ne 
Vop = Pin 28 + 
Vsg =Pin5 
Vep = Pin 1 
VGG = Pin 2 
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MO 
D/A cs 
Register pa D/A Socs 
Control es iF eal 
20 f 
From | 
Diode Local ; 
Matrix Control Meee 
Local Debounce ecoder 
fenpell: 49 
a ia) | Presettable 
(iB) | Up/Down 
(c) Counter 
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po | io) 
ey 
MM 140 017 SK 
Q22 16 O25 RE 
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MOTOROLA 
Semiconductors 


BOX 20912. PHOENIX, ARIZONA 85036 


DUAL 3-INPUT “NOR” GATE PLUS INVERTER 


The MC14000 dual 3-input NOR gate plus inverter is constructed 
with MOS P-channel and N-channel enhancement mode devices in a 
single monolithic structure. These complementary MOS logic gates 
find primary use where low power dissipation and/or high noise 
immunity is desired. 

Quiescent Current = 0.5 nA typ/pkg @ 5 Vdc 
Noise Immunity = 45% of Vpp typical 

Diode Protection on All Inputs 

Supply Voltage Range = 3.0 Vdc to 18 Vdc 
Single Supply Operation — Positive or Negative 
High Fanout > 50 

Input Impedance = 1012 ohms typical 

Logic Swing Independent of Fanout 


Pin-for-Pin Replacement for CD4000. 





_ MAXIMUM RATINGS (voltages referenced to Vss) : 
pe eg eee ee 

[Vin] 85 Von 08] vee 

owe te omnes 


Vin 
Ta. | -55to +125 












Input Voltage, All Inputs 








DC Current Drain per Pin 










Operating Temperature Range — AL Device 


CL/CP Device -40 to +85 


Storage Temperature Range 





CIRCUIT SCHEMATIC 


14111213 
Vop? © O 


ae 


a) es eee ES 
Ea 
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Mc14000 


McMOS SSI 


(LOW-POWER COMPLEMENTARY MOS) 


DUAL 3-INPUT “NOR” GATE 
PLUS INVERTER 


P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 632 CASE 646 


ORDERING INFORMATION 
MC14XXX Suffix 


L SUFFIX 


Denotes 


(s L Ceramic Package. 
P Plastic Package 
A €xtended Operating 
Temperature Range 
Limited Operating 
Temperature Range 


LOGIC DiAGRAM 


Vop = Pin 14 
Vsg=Pin 7 





“This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it. is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it. 
is recommended that Vin and Voyt be 
constrained to the range Vsg < (Vjq or 
Vout! < Vop- © 

Unused inputs must always be tied to an 
appropriate logic voltage {level (e.g., either 
Vss or Vpp). 





MC 14000 ‘ . 


ELECTRICAL CHARACTERISTICS © 









































































ao 
Output Voltage “O" Level i 0.05 Vde 
Vin=Vpp or 0 0.05 0.05 
0.05 0.05 
1" Level 5.0 4.95 Vdc . 
Vin= 9 or Vop 10 9.95 9.95 10 9.95 
15 14.95 14.95 15 14.95 
Input Voltage “"0" Level Vit Vdc 
(Vo = 3.6 or 1.4 Vde) 15 2.25 1.5 
(Vo = 7.2 or 2.8 Vde) 3.0 4.50 3.0 
(Vo = 11.5 or 3.5 Vdc) 3.75 6.75 3.75 
: “t Levell Vin 
(Vg= 1.4 or 3.6 Vde) 3.5 2.75 3.5 Vde 
(Vo = 2.8 or 7.2 Vdc) 7.0 5.50 7.0 
(Vo = 3.5 or 11.5 Vde) : 11.25 8.25 11.25 
Output Drive Current (AL Device) 1OH mAdc 
(VOH = 2.5 Vdc) Source i 
(VoH = 9.5 Vde) 
(VOH = 13.5 Vdc) 
(VOL = 0.4 Vdc) Sink loL 0.4 0.78 mAdc 
(VoL = 0.5 Vdc) - 
(VoL = 1.5 Vde) 
Output Drive Current (CL/CP Device) 10H mAdc 
(VOH = 2.5 Vde) Source - 
(VOH = 9.5 Vde) - 
(VOH = 13.5 Vdc) _ : = 
(VoL = 0.4. Vdc) Sink 1OoL 0.16 mAdc 
(Voz = 0.5 Vde) 0.40 
(Voz = 1.5 Vde) 15 F 1.2 ; 
[AT NG CT LO SI 
et Gra ur own) | tg [is [= s08 [= foo saa_[ = [a9 oa 
Input Capacitance Cin 7.5. ~ pF 
(Vin = 0) . 
Quiescent Current (AL Device) 5.0 0.05 0.05 uAdc 
(Per Package) 10 0.10 0.10 
15 oy 0.20 0.20 
Quiescent Current (CL/CP Device) 0.5 3.8 “wAdc 
a ree re! 20 Hl pa 8. 
2.0 15.0 








Total Supply Current* *t 
{Dynamic plus Quiescent, 
Per Gate) 
(CL = 50 pF on all! outputs, all 
buffers switching) 


= (0.28 wA/kHz) f+ Ipp/3 
: = (0.55 wA/kHz) f+ Ipp/3 
= (0.83 nA/kHz) f+ Ipp/3 


5.0 
10 
15 


*Trow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh= +125°C for AL Device, 85°C for CL/CP Device. 
#Noise immunity specified for worst-case input combination. 
tTo calculate total supply current at loads other than 50 pF: 
iT(C_) = 17(50 pF}+ 3x 10-3 (C_ -50) Vopf 
where: I is in uA (per package), Ci in pF, Vpp in Vdc, and f in kHz is input frequency. 
**The formulas given are for the typical characteristics only at 25°C. 
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Mc 14000 -_ | : 
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SWITCHING CHARACTERISTICS* (c, = 50 pF, Ta = 25°C) 


Output Rise Time 

t= (3.0ns/pF) CL + 30 ns 

tp= (1.5 ns/pF) C_ + 15 ns 
tp= (1.1 ns/pF) Cy +10 ns 
Output Fall Time 
t¢= (1.5 ns/pF) Cy, + 25 ns 
te = (0.75 ns/pF) C__+ 12.5 ns 
t= (0.55 ns/pF) C; + 9.5 ns 
Propagation Delay Time 
tPLH. tpHL = (1.7 ns/pF) Cy + 30 ns 
teLH. tpHL = (0.66 ns/pF) CL + 22 ns 
tPLH. tPHL = (0.50 ns/pF) C_ + 15 ns 


*The formulas given are for the typical characteristics only. 






























FIGURE 1 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 


Pulse 
Generator 


Output 





FIGURE 2 — TYPICAL VOLTAGE AND CURRENT FIGURE 3 — TYPICAL VOLTAGE TRANSFER 
TRANSFER CHARACTERISTICS CHARACTERISTICS versus TEMPE RATURE 


Unused inputs 
connected to 











2 a One input onl z 3 

> put only 3 

Wu and inverter ‘3 ra 

g b Twoinputs — a a a Ta=+1250C 
eK : 2 <x 

a c Three inputs ws é 

Oo coc =) 

> oc o 

k > a 

> o 5 

E Z. = 

< 
3 S a 
2 a 2 
0 SSS iG 
0 20 \ oo 80 10 12 14 16 0 20 40 60 80 0 12 14 16 


Vin, INPUT VOLTAGE (Vdc) ; Vin. INPUT VOLTAGE (Vdc) 


® MOTOROLA Semiconductor Products inc. - 


5-4 


MOTOROLA 
Semiconductors 


BOX 20912 e PHOENIX, ARIZONA 85036 


QUAD 2-INPUT “NOR” GATE 


The MC14001 quad 2-Input NOR gate is constructed with MOS 
P-channel and N-channel enhancement mode devices in a single 
monolithic structure. These complementary MOS logic gates find 
primary use where low power dissipation and/or high noise immunity 
is desired. . . 


Quiescent Current = 0.5 nA typ/pkg @5 Vdc 
Noise tmmunity = 45% of Vpp typical 


Diode Protection on All Inputs 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


Single Supply Operation — Positive or Negative 
High Fanout > 50 © 
Input Impedance = 1012 ohms typical 


Logic Swing Independent of Fanout 
Pin-for-Pin Replacement for CD4001A 


MAXIMUM RATINGS (Voltages referenced to Vgg) 


DC Supply Voltage 
input Voltage, All Inputs 






, Vae 
a 


—55 to +125 Lea 


—40 to +85 


< 
o 
Oo 
1 
9° 
o 
ea 
fe} 
+ 
fea] 
< 
Q 
ir) 


DC Current Drain per Pin 


Operating Temperature Range — AL Device 
CL/CP Device 







Storage Temperature Range 


CIRCUIT SCHEMATIC 


Voo 
39 914.910 


E 


RR 








MC14001 


McMOS SSI 


- (LOW-POWER COMPLEMENTARY MOS} 


QUAD 2-INPUT “NOR” GATE. 





. : ¢ 
14 14 
1 ’ 


CERAMIC PACKAGE 


P SUFFIX 
PLASTIC PACKAGE 
CASE 632 CASE 646 


ORDERING INFORMATION _ 
MCIT4aXxx Suffix 


[E: 


L SUFFIX 


Denotes 


Ceramic Package 
Plastic Package 
Extended Operating - 
Temperature Range 
Limited Operating 
Temperature Range 





Von = Pin 14 
Vsg= Pin 7 





This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it. is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vin and Voyt be 


‘constrained to the range. Vgg < (Vin or 


Vout! < Vopo- 
Unused inputs must atways be tied to an 
appropriate logic voltage level (e.g., either 
Vgg or Vpp). 





MC 14001 | | | 


ELECTRICAL CHARACTERISTICS 


Vop- 
2 Characteristic me Vdc ia 


Output Voltage. “O” Level 
Vin = Vpp or O 


5.0 
10 
15 
oo ae 5.0 
15 


0.05 
0.05 
0.05 


Input Voltage # "0" Level 
(Vo = 3.6 or 1.4 Vde) 
(Vo = 7.2 oF 2.8 Vde) 
(Vg = 11.5 or 3.5 Vde) 


5.0 
10 
15 


(Vo = 1.4 or 3.6 Vdc) | 
(Vo = 2.8 or 7.2 Vde) 
(Vo = 3.5 or 11.5 Vde) 


Output Drive Current (AL Device) 
(VOH = 2.5 Vde) Source 
(VOH = 9.5 Vde) 

(VOH = 13.5 Vde) 
(VoL = 0.4 Vdc} 
(VoL = 0.5 Vdc) 
(VoL. = 1.5 Vde) 


| 
Output Drive Current (CL/CP Device) 'OH 
(VOH = 2.5 Vde) Source 
(VOH = 9.5 Vde) 
(VoH = 13.5 Vde) 
| 


(VoL = 0.4 Vde) Sink 
(VoL = 0.5 Vde) 
(VoL = 1.5. Vde) 


Input Current (AL Device) 
Input Current (CL/CP Device) 


Input Capacitance 
(Vin = 0) 

Quiescent Current (AL Device} 
(Per Package) 


ae 0.16 
es 


[= oor ser] Sarena 
feoo00o1| 03 | - | #10 | wAdc | 


eee ee 


1.5 


10 
15 
15 


=> 
ao 


Quiescent Current (CL/CP Device) 
‘(Per Package) 





Total Supply Current**t 
(Dynamic plus Quiescent, 
Per Gate, Ci, = 50 pF) 


= (0.28 wA/kKHz) f+ IDp/N 
= (0.55 wA/kHz) f+ Ipp/N 
= (0.83 uA/kHz) f+ Ipp/N 





*Tlow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
#Noise immunity specified for worst-case input combination. 
tTocalculate total supply current at loads other than 50 pF: 
I(CL) = 17(50 pF) +N x 7073 (C, -50) Vopft 
where: I+ is in MA (per package), Cy in pF, Vpp in Vdc, f in kHz is input frequency and where N is number of gates per package. 
**The formulas given.are for the typical characteristics only at 25°C. , 
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MC 14001 


SWITCHING CHARACTERISTICS* (c, = 50 pF, Ta = 25°C) 


Syme a a All Types STEP Doree | unit 






























Output Rise Time ns 
tr = (3.0 ns/pF) CL + 30 ns 5.0 be 400 
tp = (1.5 ns/pF) Cy + 15 ns e ss 
ty = (1.1 ns/pF) Cy + 10 ns 110 

Output Fall Time 
te = (1.5 ns/pF) Cy. + 25 ns 5.0 Ho we 
t¢ = (0.75 ns/pF) CL + 12.5 ns fe 

= (0.55 ns/pF) Cy + 9.5 ns 






Propagation Delay Time 
All Inverting Non-B Series Gates 
“tepLH. tPHL = (1.7 ns/pF) Cy + 30 ns 
tPLH. tpHL = (0.66 ns/pF) Ci + 22 ns 
tpLH. tpHL = (0.50 ns/pF) Cy + 15 ns 

















Non-Inverting Non-8 Series Gates 
(MC 14071 and MC 14081 only) 

tpLH. tpHL = (1.7 ns/pF) Cy + 80 ns 
tPLH. tpHL = (0.66 ns/pF) CL + 42 ns 
teLH. tpHt, = (0.5 ns/pF) CL + 25 ns 








*The formulas given are for the typical characteristics only. 


FIGURE 1 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 


Output 
Pulse 
Generator Inverting 


"PLH 


7O Vss - Output 
*Ali unused inputs of AND, NAND gates must be Non-Inverting 
connected to Vop. 
Ali unused inputs of OR, NOR gates must be 
connected to Vss. 
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Ip, DRAIN CURRENT (mAdc) 


FIGURE 2 — TYPICAL VOLTAGE AND CURRENT _ 
TRANSFER CHARACTERISTICS 












Vop = 16 Vde Ta =+259C 
~~ 


























14 Unused input 
_ connected to 
> “VSS. 
o 
aes 3 
3 10 a One input only < 
= b Bothinputs | i 
r= a 
>. 8.0 80 & 
Lx 5 
= rx) 
5 6.0 60 = 
8 = 
2 Oo 
3 4.0 4.0 ra) 

2.0 2.0 

0 











— 12 


6 20 40 = 6! = 8.0 
Vin, INPUT VOLTAGE (Vdc) 


FIGURE 4 —TYPICAL OUTPUT SOURCE 
CHARACTERISTICS 


















a a Ec 
2.0 ae Vas = -5.0 Vde | en Ee 7 Wl 
ee 
sigh ee ed ee 
crave | | [ot AWA} 
Fe ee ae eB eA) 
a a a 
aL) Se 
ae oA AL 
qi 


Vos, DRAIN VOLTAGE (Vdc) 





| mc14001 ; | 3 


FIGURE 3 ~ TYPICAL VOLTAGE TRANSFER 
CHARACTERISTICS versus TEMPERATURE 











16 Sey on an 
ial dee we = 18 Vde ‘Unused input 
4 Sey connected to 
VSs. 
a 














Vout, OUTPUT VOLTAGE (Vdc) 





























0 
0 20 40 60 80 
Vin. INPUT VOLTAGE (Vdc) 


FIGURE 5 — TYPICAL OUTPUT SINK 
CHARACTERISTICS 














Z = 

Lad 6.0 

a8)! AP 

2 al A ea a a 

SW a 

off 
I, —__aaae iy eee ee 
ee ee eee 


Vos, DRAIN VOLTAGE (Vdc) 
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MOTOROLA 
Semiconductors 


BOX 20912 6 PHOENIX, ARIZONA 85036 


B-SUFFIX SERIES McMOS GATES 


The B Series logic gates are constructed with P and N channel en- 
hancement mode devices in a single monolithic structure (Comple- 
mentary MOS). Their primary use is where low power dissipation 
and/or high noise immunity is desired. 


Quiescent Current = 0.5 nA typ/pkg @ 5 Vdc 
Noise Immunity = 45% of Vpp typ 

Supply Voltage Range = 3.0 Vdc to 18 Vdc 
_All Outputs Buffered 


Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Tempera- 
ture Range. 


Double. Diode Protection on All Inputs 
Pin-for-Pin Relpacements for CD4001B 


MAXIMUM RATINGS (Voitages referenced to Vgs) = 
Po CRating = Symbot | Value 


Input Voltage, All Inputs -0.5 to Vpp +0.5 
DC Current Drain per Pin | 10 
-55 to +125 % 


~| Operating Temperature Range — AL Device Ta 
CL/CP Device -40 to +85 
Storage Temperature Range -65 to +150 


CIRCUIT SCHEMATIC 
(1/4 of Device Shown) 
















Vpp 


MC140018B 


McMOS SSI 


(LOW-POWER COMPLEMENTARY MOS) 


QUAD 2-INPUT “NOR” GATE 


¢ 
14 14 
1 1 


L SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 


CASE 632 CASE 646 
ORDERING INFORMATION 
MC14XXXB Suffix Denotes 


ie Lt Ceramic Package 
, P Plastic Package 
A Extended Operating 
Temperature Range 
Cc 


Limited Operating 
Temperature Range 





LOGIC DIAGRAM 


Vop= Pin 14 
Vsg=Pin 7 





This device contains circuitry to protect 
the inputs against damage due to high static 
voltages, or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vin and Voyt be 
constrained to the range Vss < (Vin or 
Vout) < Vop.- 7 
Unused inputs must always-be tied to an 
appropriate logic voltage level (e.g., either 
Vss or Vpp). 





Mc14001B | : | 


ELECTRICAL CHARACTERISTICS 


Characteristic 


Output Voltage “0” Level 
Vin=Vpp or 0 


Vin = 0 o0r Vpop 


| Input Voitage# “O" Level 
(Vo = 4.5 or 0.5 Vdc) 
(Vo = 9.0 or 1.0 Vde) 
(VQ =13.5 or 1.5 Vde) 


(VQ = 0.5 or 4.5 Vdc) 

(Vo =1.0 or 9.0 Vdc) 

(VO =1.5 or 13.5 Vdc) 
Output Drive Current (AL Device) 

(VOH =2.5 Vde) Source 

(VOH =4.6 Vdc) 

(VOH = 9.5 Vdc) 

(VOH = 13.5 Vde) 

(VoL = 0.4 Vdc) 

(VoL = 0.5 Vdc) 

(VoL = 1.5 Vde) 


Output Drive Current (CL/CP Device) 
(VOH = 2.5 Vdc) Source 
(VOH = 4.6 Vde) 

{(VOH = 9.5 Vde) 

(VOH = 13.5 Vde) 

(VoL = 0.4 Vde) Sink 
(VoL = 0.5 Vde) 

(VoL =1.5 Vde) 


tnput Current (AL Device) 
Input Current (CL/CP Device) 


Input Capacitance 
(Vin = 0) 

Quiescent Current (AL Device) 
(Per Package) 


is 





+0.00001} +0.1 
+0.00001 |. +0.3 





0.44 0.88 
1.1 . . 
eo 


2D 
5 


3.0 
Quiescent Current (CL/CP Device) ; 
(Per Package) 
= (0.3 wA/kHz) f + IpD/N 
= (0.6 wA/kHz) f + Ipp/N 
= (0.9 pA/kHz) f + Ipp/N 


Total Supply Current**t 
(Dynamic plus Quiescent, 
Per Gate, Cy = 50 pF) 


4 





rc 


*Tlow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
#Noise immunity specified for worst-case input combination. 
Noise Margin for both “1” and “0” level = 1.0 Vdc min @ Vpp = 5.0 Vde 
2.0 Vde min @ Vpp = 10 Vde 
2.5 Vde min@ Vpp =15 Vde 
tTo calculate total supply current at loads other than 50 pF: 
I7(CL) = I7(50 pF) +N x 1073 (C_ -50) Vopf 
where: I+ is in MA (per package), CL in pF, Vpp in Vdc, f in kHz is input frequency and N is number of gates per package. 
**The formulas given are for the typical characteristics only at 25°C. 
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MC 14001B . 


B-SERIES GATE SWITCHING TIMES 


SWITCHING CHARACTERISTICS®* (C,_ = 50 pF, Ta = 25°C) 


All Types 
Characteristic 


Output Rise Time, All B-Series Gates 
ty = (1.35 ns/pF) Cy + 33 ns 
ty = (0.60 ns/pF) CL + 20 ns 
ty = (0.40 ns/pF) Cy + 20 ns 


Output Fail Time, All B-Series Gates 
‘te = (1.35 ns/pF) Cy + 33 ns 
t¢ = (0.60 ns/pF) Cy + 20 ns 
t¢ = (0.40 ns/pF) Cy + 20 ns 


Propagation Delay Time 
MC 14001B, MC140118B only : 
teLH. tpHt = (0.90 ns/pF) Cy + 80ns 
tPLH. tpHL = (0.36 ns/pF) C_ +.32 ns 
tPLH. tpHL = (0.26 ns/pF) Cy + 27 ns 


All Other 2, 3, and 4 Input Gates 
tPLH. tpHL = (0.90 ns/pF) Cy + 115 ns 
tpLH. tPHL, = (0.36 ns/pF) CL + 47 ns 
tPLH. tPpHL = (0.26 ns/pF) Cy + 37 ns 


8-Input Gates (MC 14068B, MC14078B) 
teLH. tpHL = (0.90 ns/pF) Cy + 155 ns 
teLH. tpHL = (0.36 ns/pF) Cy + 62 ns 
tPLH, tPpHL = (0.26 ns/pF) C_. + 47 ns 





*The formulas given are for the typical characteristics only. 


FIGURE 1 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 


Output 
Pulse ee Output 
Generator inverting 


'PLH 


: 70 Vss . Output 
* All unused inputs of AND, NAND gates must be Non-Inverting 
connected to Vop. 
Alt unused inputs of OR, NOR gates must be 
connected to Vss. 
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TYPICAL B-SERIES GATE CHARACTERISTICS 


N-CHANNEL DRAIN CURRENT 


P-CHANNEL DRAIN CURRENT 


FIGURE 2 — Vgg = 5.0 Vde 
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FIGURE 3 — Vgs = —5.0 Vde 
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FIGURE 





ane DRAIN-TO-SOURCE VOLTAGE (Vdc) 
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BERRRAN\ Gah 


Coro: 
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Vps, ORAIN-TO-SOURCE VOLTAGE (Vdc) 


"Vos. DRAIN-TO-SOURCE VOLTAGE (Vdc) 
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MC 14001B 


TYPICAL B-SERIES GATE CHARACTERISTICS (contd) 
VOLTAGE TRANSFER CHARACTERISTICS 


FIGURE 8 — Vpp = 5.0 Vde FIGURE 9 — Vpp = 10 Vde 













- . 
> 3 
vA Single Input NAND, AND = 
oO Multiple Input NOR, OR tr 
= 5.0 2 
a e 
Oo 4 wd 
=~ 40 $ 
ees Single input NOR, OR =" Single input NOR, OR 
a. Multiple Input NAND, AND z Multiple input NANO, AND 
3 2 
2 20 a 3 
ce i Ae uel Se 
ae a | ee 
0 0 
0 1000 2.0 3.0 4.0 5.0 . 0 2.0 4.0 6.0 8.0 10 
Vin, INPUT VO LTAGE (Vdc) Vin, INPUT VOLTAGE (Vdc) 


FIGURE 10 — Vop = 15 Vdc 


Single Input NAND,.AND 
Multiple fnput NOR, OR 


DC NOISE IMMUNITY (Vay, AND Vay) 


The dc noise immunity is defined as the input 
voltage range from an ideal ‘1’ or ‘0’ input level - 
{assuming the previous McMOS driving stage is 
unloaded) which does not produce output state 
(combination) change(s). The typical and limit 
values of the input ranges Vy and Vay for the 
output to stay within a range 4V oyt from either 
Vppb or Vsg are given in the Electrical Char- 
acteristics table. The definitions of Vy_, VNH. 
and 4Voyt are illustrated in Figure 11 for invert- 
ing and non-inverting functions. 


Single Input NOR, OR 
Multiple Input NANO, AND 





Vout. OUTPUT VOLTAGE (Vdc} 





0 60 8 
Vin, NPUT VOLTAGE (Vdc) 





FIGURE 11 — DC NOISE IMMUNITY 


(a) Inverting Function (b) Non-inverting Function 


Vout | |, Vop 


4Vout 





Vss = 0 volts de 
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MOTOROLA 
Semiconductors 


BOX 20912. PHOENIX, ARIZONA 85036 


DUAL 4-INPUT “NOR” GATE 


The MC14002 and MC14002B are constructed with P and N channel 
enhancement mode devices in a single monolithic structure (Comple- 
mentary MOS). Their primary use is where low power dissipation 
and/or high noise immunity is desired. 


Quiescent Current = 0.5 nA typ/pkg @ 5 Vdc 
Noise Immunity = 45% of Vpp typ 

Supply Voltage Range = 3.0 Vdc to 18 Vdc" 
All Outputs Buffered (MC140028 only) 


Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range. (MC14002B only) 

Double Diode Protection on.All Inputs 


Pin-for-Pin Replacements for CD4002A and CD4002B 


MAXIMUM RATINGS (Voltages referenced to Vsg) 
Rating | symboi [Value | Unit 
Input Voltage, All Inputs 

a 


DC Current Drain per Pin 






DC Supply Voitage 













Operating Temperature Range — AL Device Ta 
; __CLI/CP Device -40 to +85 


Storage Temperature Range 





CIRCUIT SCHEMATICS 
(1/2 of Device Shown) 


This device contains circuitry to protect the inputs against damage due 
to high static voltages or electric fields; however, it is advised that nor- 
mai precautions be taken to avoid application of any voltage higher than 
maximum rated voltages to this high impedance circuit. For proper 
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MC14002 
MC14002B 


McMOS SSI 
(LOW-POWER COMPLEMENTARY MOS) 


DUAL 4-INPUT “NOR” GATE 


¢ 
14 14 
1 4 


L SUFFIX P SUFFIX 


CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 632 CASE 646 


ORDERING INFORMATION 
MC14XXXB Suffix Denotes 


s L Ceramic Package 
Delete for P Plastic Package 
Non-B Device. A Extended Operating 
Temperature Range 
c 


Limited Operating 
Temperature Range 


LOGIC DIAGRAM 


Vop = Pin 14 





operation it_is recommended that Vin and Voyt be constrained to the 
range Vgg < (Vin or Vout) < Vop. : 
Unused inputs must always be tied to an appropriate logic voltage level 
{e.g., either Vgg or Vpp)- : 





MOTOROLA ~ MC14006B 
Semiconductors 


' BOX 20912 «6 PHOENIX, ARIZONA 85036 
McMOS MSI 


(LOW-POWER COMPLEMENTARY MOS) 


18-BIT STATIC SHIFT REGISTER 


1 1 : 


18-BIT STATIC SHIFT REGISTER 


The MC14006B shift register is comprised of four separate shift 
register sections sharing a common clock: two sections have four 
stages, and two sections have five stages with an output tap on both 
the fourth and fifth stages. This makes it possible to obtain a shift 
register of 4,5, 8, 9, 10, 12, 13, 14, 16, 17, or 18 bits by appropri- 
ate selection of inputs and outputs. This part is particularly useful in 
serial shift registers and time delay circuits. 





Output Transitions Occur on the Falling Edge of the Clock Pulse L SUFFIX P SUFFIX 
: ; CERAMIC PACKAGE — PLASTIC PACKAGE 
Quiescent Current - 5nA/package typical @ 5 Vdc. ease esa ense ban 








Fully Static Operation 

_8-MHz Shift Rate typical 

Can be Cascaded to Provide Longer Shift Register Lengths 
Supply Voitage Range = 3.0 Vdc to 18 Vde 


Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range 


Pin-for-Pin Replacement for CD4006 





ORDERING INFORMATION 


MC14XXXB Suffix Denotes 


|i lL Ceramic Package 
P Plastic Package 
A Extended Operating 
Temperature Range 


% C Limited Operating 
Temperature Range 












MAXIMUM RATINGS (Voltages referenced to Vgs) 
[__S—CiRating ———SS—~**CSymbo'| Value [Uni] 
| 
FC Current DrainperPin —————~+dt 1 +i 0 ‘| made | 


Operating Temperature Range — AL Device -55 to +125 °c 
-40 to +85 


CL/CP Device 


Storage Temperature Range -65 to +150 







TRUTH TABLE 
(Single Stage) 












BLOCK DIAGRAM 
5 10 
0 ©p10 Q130 


Q4 as 
iP) 
Vpopb = Pin 14 ‘ 4 
Vsg = Pin7 Stages Stages 
c c c 


Clock 30-0 


LOGIC DIAGRAM 
(ONE REGISTER STAGE) 


D+1 


#\nverter used only on the first stage of 
each four-stage element. 


*Transmission Input to output is 
Gate (A) A bidirectional low impedance when control input 1 is ‘‘low’”’ 
and contro! input 2 is ‘high’. 
(B) An open circuit when control input 4 is ‘high’ and control 
input 2 is “low”. 
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MC14006B | | | | . | 


ELECTRICAL CHARACTERISTICS 


Output Voltage “0 Level 
Vin = Vpp or 0 


Vop 
vac _ [Win 
5.0 

10 


“1 Level 

Vin =Oor Vop © 

Input Voitage# “"O"' Level 
(Vo = 4.5 or 0.5 Vdc) 
(Vo = 9.0 or 1.0 Vde) 
(Vo = 13.5 or 1.5 Vde) 
“1 Level 
(Vo = 0.5 or 4.5 Vdc) 
(Vo = 1.0 or 9.0 Vde) 

(Vo = 1.5-0r 13.5 Vde) 

Output Drive Current (AL Device) 
(VOH = 2.5 Vde) Source 
(VOH = 4.6 Vde) 

. (VoH = 9.5 Vde) 
(Von = 13.5 Vde) 
(VoL = 0.4 Vde) 
(Voz- = 0.5 Vde) 

| (Vo = 1.5 Vde) 

Output Drive Current (CL/CP Device) 
(VoH = 2.5 Vde) Source 
(Von = 4.6 Vde) 
(VOH = 9.5 Vde) 
(VgH = 13.5 Vde) ° 
(Vo = 0.4 Vde) 
(VoL = 0.5 Vdc) 
(VoL = 1.5 Vde) 


Input Current (AL Device) 
Input Current (CL/CP Device) 


Input Capacitance 
(Vin = 9) 
Quiescent Current (AL Device) 
, (Per Package) 


Sink 





Sink 


Da 
° 


roe Rw = 
ooo ty oon 


+t . 
: 


2 
3 


Quiescent Current (CL/CP Device) 
(Per Package) 


&N 
oo 


Total Supply Current**t 
(Dynamic plus Quiescent, 
Per Package) 
(C_ = 50 pF on all outputs, all 
buffers switching) ; 


*Tiow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
Noise immunity specified for worst-case input combination. 
Noise Margin for both 1°’ and ‘'0" level = 1.0 Vde min@ Vpp = 5.0 Vdc 
2.0 Vde MiNn@ Vpp = 10 Vde 
2.5 Vde min@ Vop = 15 Vde 
tTo calculate total supply current at loads other than 50 pF: 
it(CL) = 17 (50 pF) + 1 x 10-3 (C,. -50) Vppf 


0.36 
0.9 


0.88 
2.25 
8.8 


0.005 
0.010 
0.015 


0.005 

0.010 

0.015 
Ip = (1.3 HA/KH2) f + Ipp 
= (2.6 uA/kKHz) f+ IDD 
= (3.9 wA/kHz) f+ 'IDD 


where: [7 is in uA (per package), CL_in pF, Vpp in Vdc, and f in kHz is input frequency. 


**The formulas given are for the Hypical characteristics only at 25°C. 


This device contains circuitry to protect the inputs against damage. due to high static voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to avoid application of' any voltage higher than maximum rated voltages to this high im- 
_ pedance circuit. For proper operation it is recommended that Vin and Voyz be constrained to the range Vss < (Vin or Vout) 


<Vpp. 


Unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vgg or Vpp). 
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MC14006B ; 
SWITCHING CHARACTERISTICS* (c, =50 pF, Ta = 25°C) a 


rT = —_] 
eae ee Typ CL/cP 
Symbol | Vpp aa Device | All Types bond Device . 











Characteristic 












































Output Rise Time ; 
ty = (3.0 ns/pF) C_ + 30 ns 180 350 400 
tp = (1.5 ns/pF) Cy + 15.ns 90 150 200 
= (1.1 ns/pF) C_ + 10 ns 65 110 160 
Output Fall Time ns 
= (1.5 ns/pF) Cy + 25 ns 100 175 200 : 
t¢ = (0.75 ns/pF) CL + 12.5 ns 50 75 -100 
te = (0.55 ns/pF) CL + 9.5 ns 37 55 80 
Propagation Delay Time 
tpLH. tpHL = (1.7 ns/pF) Cy + 220 ns 305 460 600 
tPLH. tPpHL = (0.66 ns/pF) CL + 77 ns 110 165 275 
tPLH. tepHL = (0.5 ns/pF) Cy + 55 ns 120 * 200 
Minimum Clock Pulse Width 200: 
-70 
55 
Maximum Clock Pulse Frequency 
. ry 
6.0 
Maximum Clock Pulse Rise and Fall Time# ie | ee | 
ee p= ae] 3 | 
Hold Time 180 220 ns 
90 110 ' 
75 90 


“The formula given is for the typical characteristics only at 25°C. 
#When shift register sections are cascaded, the maximum rise and fall times of the clock input should be equal to or Jess than the rise and 
fall times of the data outputs driving data inputs, plus the propagation delay of the output driving stage for the output capacitance load. 


FIGURE 1 — TYPICAL OUTPUT SOURCE CURRENT FIGURE 2 — TYPICAL OUTPUT SINK CURRENT 
CHARACTERISTICS TEST CIRCUIT CHARACTERISTICS TEST CIRCUIT 


External 2 External 
Power Power 


Supply } Supply 





MOTOROLA Semiconductor Products inc. 
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MC 14006B 


FIGURE 3 ~ POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 


Pulse z 
- Generator. 






O 
1/3 MC 14000 
or Equiv 


Clock F- 50% ; 


on a a Sa eo 


FIGURE 4 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 





thoid 11” thold0" > 
tsetup 11" : tsetup0” “ 


Data 











4s 


set V2 a 





Q13,Q17 ty 
: tPLH 


one YY VM? 


ag, a18 
; ‘s 


LZ Output state can change since data previously clocked in might be in either state. 





(AA) MOTOROLA Semiconductor Products inc. — 
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MOTOROLA 
Semiconductors MC14007B 


BOX 20912. PHOENIX, ARIZONA 85036 


DUAL COMPLEMENTARY PAIR PLUS INVERTER 


McMOS SSI 


(LOW-POWER COMPLEMENTARY MOS) 


The MC14007B multi-purpose device consists of three N-channel 
and three P-channel enhancement mode devices packaged to provide 
access to each device. These versatile parts are useful! in inverter 
circuits, pulse-shapers, linear amplifiers, high input impedance ampli- 
fiers, threshold detectors, transmission gating, and functional gating. 


DUAL COMPLEMENTARY PAIR 
PLUS INVERTER 


Quiescent Current = 0.5 nA/package typical @ 5 Vdc 
Noise Immunity = 45% of Vpp typical 
Diode Protection.on All {nputs 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 
Single Supply Operation = Positive or Negative 
Symmetrical Output Impedance — 200 ohms typical @ 10 Vdc 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL. Loads Over the Rated Temper- 
“ature Range — 
@ Pin-for-Pin Replacement for CD4007 


1 


L SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 


CASE 632 CASE 646 





ORDERING INFORMATION: 
MAXIMUM RATINGS (Voltages referenced to Vs) : 
(Rating YY Smbot | value] Unt ] 
[BC Garrent Drain per Pin YJ 1 | 10a | 


Operating Temperature Range — AL Device _ -§5 to +125 °C 
_ 740 to +85 





MC14XXXB Suffix Denotes 


s Ceramic Package 
P Plastic Package 
A €xtended Operating 
Temperature Range 
Limited Operating 
Temperature Range 













CL/CP Device 


Storage Temperature Range -65 to +150 


FIGURE 1 — TYPICAL APPLICATION: 2-INPUT ANALOG MULTIPLEXER 





SCHEMATIC 


Input 


INPUT | OUTPUT CONDITION 





A=C,B = Open 
A = B,C = Open . 
" : Vopb = Pin 14 
f Vgs = Pin7 
Substrates of P-channel devices internally connected p 
to Vpp; substrates of N-channel devices internally 


connected to Vgg. 
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MC14007B | 





ELECTRICAL CHARACTERISTICS 


Characteristic 


Output Voltage “O" Level 
Vin = Vpp or 0 


“1 Level 
Vin = Oor Vpp 


tnput Voltage# “0” Level 
(Vo = 3.6 or 1.4 Vdc) 
(Vo = 7.2 or 2.8 Vdc) 
(Vo = 11.5 or 3.5 Vde) 
“4” Level 
(Vo = 1.4 or 3.6 Vde) 
(Vo = 2.8 or 7.2 Vdc) 
(Vo = 3.5 or 11.5 Vde) 


Output Drive Current (AL Device) 
(Von = 2.5 Vdc) Source 
(VoH = 9.5 Vdc} 

(VOH, = 13.5 Vde) 

(VoL = 0.4 Vdc) . Sink ° 
(VoL = 0.5 Vdc) 

(VoL = 1.5 Vde) 


Output Drive Current (CL/CP Device) 
(VOH = 2.5 Vde) Source 
(VoH = 9.5 Vde) 

(Voy = 13.5 Vde) 

(VoL = 0.4 Vdc) Sink 
(VoL =0.5 Vdc) 

(VoL = 1.5 Vde) 


Input Current (AL Device) 
Input Current (CL/CP Device) 


Input Capacitance 
(Vin = 0) 


Quiescent Current (AL Device) 
(Per Package) 


+0.00001 
+0.00001 


SO Reece 
Pe Bae ore 


Quiescent Current (CL/CP Device) 
(Per Package) 


Total Supply Current**t ; » Bi Be (0.72 ZA/kHz) f + Ipp 
(Dynamic plus Quiescent, : = (1.44 wA/kHz) f+ 'DD 
Per Pachage) oo = (2.16 wAlKH2) f+!pbb 
(Cy_ = 50 pF on alt outputs, all ; . 
_buffers switching) 


“Tow = -85°C for AL Device, -40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
#Noise immunity specified for worst-case input combination. 


tTo calculate total supply current at loads other than 50 pF: : L 
IT(C_) = 17 (50 pF) +3 x 10-3 (C_ -50) Vopf 
where: Ir is in uA (per package), Cy in pF, Vpp in Vde, and fi in kHz is input frequency. 
**The formulas given are for the typical characteristics only at 25°C. 


(AA) MOTOROLA Semiconductor Products Inc. 
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MC14007B a 
SWITCHING CHARACTERISTICS* (c= 50 PF, Ta = 25°C) 


Output Rise Time 
tr = 1.2 ns/pF) Cy + 30 ns 
ty = (0.5 ns/pF) Cy. + 20 ns 
ty = (0.4 ns/pF) CL + 15 ns . 
Output Fall Time 
te = (1.2 ns/pF) CL + 15 ns 
_ te = (0.5-ns/pF) Cy + 15 ns 
te = (0.4 ns/pF) Cy + 10 ns 
Turn-Off Delay Time 
tPLH = (1.5 ns/pF) Cr + 35 ns 
tpLH= (0.2 ns/pF) Cy + 20 ns 
tpLH = (0.15 ns/pF) Cy + 17.5 ns 
Turn-On Delay Time 
tpHt = (1.0 ns/pF) Cy + 10 ns 
_ tere = (0.3 ns/pF) CL + 15 ns 
tPpHL = (0.2 ns/pF) Cy + 15 ns 



















150 180 
0 75 90 
15 60 70 


75 150 
40 80 
30 ; 60 








































*The formula given is for the typical characteristics only. 


FIGURE 2 — TYPICAL OUTPUT SOURCE CHARACTERISTICS FIGURE 3 — TYPICAL OUTPUT SINK CHARACTERISTICS 


©Vps = Von - Voo 










— PP i el ee 
m/e ee 










. = 
on = 16 
Z : aa Wane AF, “case ee Ue 
ra a Ta = -55°C = hy aw (ee Re ae ee ee 
S b Ta=+25°C = 12 
Fs c TA = +1250C z 
3 a | | a Ta = -55°C = 
= - Z 80 Y b TaA= *25C 
z Z 7 Et eTassizec | | 
3 . a 4.0 ea - 





Vos, “inl atone (Vde) Vps, DRAIN VOLTAGE (Vdc) . 


(AA) MOTOROLA Semiconductor Products Inc. 


521 


Mc14007B 





FIGURE 4 — SWITCHING TIME AND POWER DISSIPATION TEST CIRCUIT AND WAVEFORMS 


Pulse 
_ Generator ~ 





APPLICATIONS 


The MC14007B dual pair plus inverter, which has access 
to all its elements offers a number of unique circuit appti- 
cations. Figures 1, 5, and 6 are a few examples of the 
device flexibility. 


FIGURE 5 — 3-STATE BUFFER 


FIGURE 6 — AO! FUNCTIONS USING TREE LOGIC 


+VopD 

2 
Disabte 3 l 
om = 


Output 


Input 10 12 Output 


Disable 6 cel 





INPUT }| DISABLE OUTPUT 


q ie) 
ie) 1 
x Open 


X = Don’t Care 


Substrates of P-channel! devices internally connected to Vpp: 
Substrates of N-channel devices internally connected to Vss- 





Circuit diagrams utilizing Motorola products are included as a means is believed to be entirely reliable. However, no responsibility is 


of illustrating typical semiconductor applications; consequently, assumed for inaccuracies. Furthermore, such information does not 
compiete information sufficient for construction purposes is not convey to the purchaser of the semiconductor devices described any 
necessarily given. The information has been carefully checked and license under the patent rights of Motorola Inc. or others. 
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MOTOROLA 
Semiconductors MC14008B 


BOX 20912 6 PHOENIX, ARIZONA 85036 


4-BIT FULL ADDER 


McMOS MSI 
The MC14008B 4-bit full adder is constructed with MOS P- 

channel and N-channel enhancement mode devices in a single mono- (LOW-POWER COMPLEMENTARY MOS) 

lithic structure. This device consists of four full adders with fast 

internal look-ahead carry output. It is useful in binary addition and 

other arithmetic applications.The fast parallel carry output bit allows 

high-speed operation when used with other adders in a system. 

@ Look-Ahead Carry Output 
High-Speed Operation — 160 ns typical from Sumjn to Sumoyt 
Quiescent Current — 5.0 nA/package typical @ 5 Vdc 
Diode Protection on All Inputs 
All Outputs Buffered : 

Supply Voltage Range = 3.0 Vde to 18 Vdc 
Capable of Driving Two Low-power TTL Loads, One Low-power 


Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range 


Pin-for-Pin Replacement for CD4008 


4-BIT FULL ADDER 


L SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 


CASE 620 CASE 648 





~ MAXIMUM RATINGS (Voltages referenced to Vss) ORDERING INFORMATION 


MC14XXXB Suffix Denotes 


te L Ceramic Package 
P Plastic Package 
A Extended Operating 
Temperature Range 


C Limited Operating 
Temperature Range 


DC Current Drain per Pin 


Operating Temperature Range — AL Device 
CL/CP Device 





TRUTH TABLE 
(One Stage) 


High-Speed 
Parallel Carry 


This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage ~ 
higher than’ maximum rated voltages to 
this high impedance circuit. For proper 
operation it is recommended that Vj, and 
Vout be constrained to the range Vgg < 
(Vin Or Vout) < Voo- 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vgs or Vpp). 


Vpp = Pin 16 
. Vgg = Pins 





R92 








ELECTRICAL CHARACTERISTICS 


Output Voltage 
Vin = Vop or 0 


; “4” Level 
Vin = Oor Vpop 


Input Voltage# “0” Level 
(Vo = 4.5 or 0.5 Vde) 
(Vo = 9.0 or 1.0 Vde) 
(Vo = 13.5 or 1.5 Vde) 


(Vo = 0.5 or 4.5 Vdc) 
(Vo = 1.0 or 9.0 Vdc} 
(Vo = 1.5 or 13.5 Vde) 

Output Drive Current (AL Device) 
(VOH = 2.5 Vde) Source 
(VOH = 4.6 Vde) 

(VoH = 9.5 Vde) 

(Vou = 13.5 Vde) 

(VoL = 0:4 Vde) Sink 
(VoL = 0.5 Vde) 

(Vo. = 1.5 Vde) 

Output Drive Current (CL/CP Device) 
(VOH = 2.5 Vde) Source 
(VoH = 4.6 Vde) 

(VoH = 9.5 Vde) 
(VoH = 13.5 Vde} 


‘(VoL = 0.4 Vde) Sink F : ‘ 0.88 
(VoL = 0.5 Vde) : 5 - = 
(Vou = 1.5 Vde) : 


Input Current (AL Device) +0.1 +0.00001 | +0.1 
Input Current (CL/CP Device) 3 +0.00001 


ipu: Capacitance 
(Vig = 0) - 
Quiescent Current (AL Device) : 0.005 
(Per Package) 0.010 
0.015 


Quiescent Current (CL/CP Device) 
(Per Package) 


&N 
oo 


Total Supply Current**t I= = (1.7 BA/KHz) £ + Te 
(Dynamic plus Quiescent, It = (3.4 BA/kH2) f+ Ipp 
Per Package) : I> = (5.0 HA/kHz) f + Ipp 
(C_ = 50 pF on all outputs, all , 
buffers switching) 


 *Tlow = ~85°C for AL Device, -40°C for CL/CP Device. 
Thigh = +125 °C for AL Device, +85°C for CL/CP Device. 
eNone immunity specified for worst-case input combination. 
Noise Margin for both “1‘‘and “0” level = 1.0 Vde min @ Vpp = =5.0Vde - 
; 2.0 Vde min@ Vpp = 10 Vde 
2.5 Vde min@ Vopp = 15 Vde 
tTo calculate total supply current = loads other than-50 pF: 
Ip(CL) = 17 (50 pF) +5 x 10-3 (Cy -50) Vopf 
where: I7 is in wA (per package), Cy in pF, Vpp in Vde, and f in kHz is input frequency. ~ 
**The formulas given are for the typical characteristics only at 25°C. 
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MC14008B | | , | 


SWITCHING CHARACTERISTICS* (c;, =50 pF, Ta = 25°C) 


Characteristic 


Output Rise Time, ~ 
ty = (3.0 ns/pF) Cy + 30 ns 180 
tp = (1.5 ns/pF) C_ + 15 ns 90 
ty = (1.1 ns/pF) CL + 10 ns 65 


Output Fall Time, : 
te = (1.5 ns/pF) Cy, + 25 ns 100 
te = (0.75 ns/pF) Cy + 12.5 ns 50 
te = (0.55 ns/pF) Cy + 9.5 ns 40 


Propagation Delay Time tPLH. tPHL. 
Sum tn to Sum Out 
tPLH. tPHL = (1.7 ns/pF) CL +315 ns 
tPLH. tPpHL = (0.66 ns/pF) Cy + 127 ns 
 tPLH. teHL = (0.5 ns/pF) Cy + 90 ns 
Sum In to Carry Out 
tPLH. tPpHL = (1.7 ns/pF) Cy + 220 ns 
tPpLH. tpHL = (0.66 ns/pF) C_ + 112 ns 
tPpLH. tPpHL = (0.5 ns/pF) Cy + 85 ns 
Carry !n to Sum Out 
tpLH. teHL = (1.7 ns/pF) Cy + 290 ns 
tpLH. tpHL = (0.66 ns/pF) Cy + 122 ns 
tpLH, tPHL = (0.5 ns/pF) Cy +90 ns 
Carry tn to Carry Out 
tpLH. tPHL = (1.7 ns/pF) Cy + 85 ns 
tPLH. teHL = (0.66 ns/pF) Cy + 42 ns 
tPLH. tPHL = (0.5 ns/pF) Cy + 30 ns 





*The formula is for the typical characteristics only. 


‘FIGURE 1— TYPICAL SOURCE CURRENT FIGURE 2 — TYPICAL SINK CURRENT 
CHARACTERISTICS TEST CIRCUIT CHARACTERISTICS TEST CIRCUIT 





Vop = -Ves Vop = Ves Vout 


Externat 
Power 
Supply 


External 
Power 
Supply 
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ROR 


MC14008B 





FIGURE 3 — DYNAMIC POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 






Generator 


4 Generator 
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Mc14008B | | 


FIGURE 5 — LOGIC DIAGRAM 


t 


JOUU U 
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A.97 


MC14008B 





TYPICAL APPLICATION | 


FIGURE 6 — USING THE MC14008B IN A 16-BIT ADDER CONFIGURATION 


Word A + B Inputs 


Al——— B4 


si——-— S4 


Sum Outputs 


Calculation of 16-bit adder speed: 

tp total = tp (Sum to Carry) + tp (Carry to Sum) + 2 tp (Carry to Carry) 
Typically, the overall 16-bit adder speed at 10 V is: 

tp total = 115 + 125 + 90 = 330 ns typ 





Circuit diagrams utilizing Motorola products are included asa means is believed to be entirely reliable. However, no responsibility is 
of illustrating typical semiconductor applications; consequently, assumed for inaccuracies. Furthermore, such information does not 


complete information sufficient for construction purposes is not convey to the purchaser of the semiconductor devices described any 
necessarily given. The information has been carefulty checked and license under the patent rights of Motorola Inc. or others. 
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MOTOROLA 
Semiconductors 


BOX 20912 6 PHOENIX, ARIZONA 85036 


MC14011_ 
MC140118 


QUAD 2-INPUT “NAND” GATE 


McMOS SSI 


The MC14011 and MC14011B are constructed with P and N channel {LOW-POWER COMPLEMENTARY MOS) 
enhancement mode devices in a single monolithic structure (Comple- , 
mentary MOS). Their primary use is where low power dissipation 


and/or high noise immunity is desired. 


QUAD 2-INPUT “NAND” GATE 


v 
14 14 
1 1 


Quiescent Current = 0.5 nA typ/pkg @ 5 Vdc 
-Noise Immunity = 45% of Vpp typ’ 

Supply Voltage Range = 3.0 Vdc to 18 Vdc 

All Outputs Buffered (MC14011B only) 


Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range. (MC14011B only) 


Double Diode Protection on All Inputs 
Pin-for-Pin Replacements for CD4011A and CD4011B 


- , & Ll Ceramic Package 
; Delete for P Plastic Package 
Non-B Device A Extended Operating 
MAXIMUM RATINGS (Voltages referenced to Vsg) 
c 


io, Temperature Range =. 
Rating Symbol_| Value. [Unit Limited Operating 

Temperature Range 
input Voltage, All Inputs -0.5 to Vpp +05 


DBC Current Drain per Pin 


‘Operating Temperature Range -- AL Device -55 to +125 % 


L SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 632 CASE 646 


ORDERING INFORMATION 
MC14XX XB Suffix Denotes: 














LOGIC DIAGRAM 
12— 
13 


CIRCUIT SCHEMATICS MCi14011 
MC14011 (1/4 of Device Shown) - 7 






CL/CP Device -40 to +85 ~ 


torage Temperature Range _ -65 to +150 


s 


3 
4 Vopo = Pin 14 . 
Vsg=Pin 7 


10 
ml 





14 Vpp 


3,4, 10, 11 


1, 6,8, 13 OS $-23.4,10,11 


2,5,9,12 


This device contains circuitry to protect the inputs against damage due’ operation it is recommended that Vin and Voy be constrained to the 
to high static voltages or electric fields; however, it is advised that nor- range Vss < (Vin OF Vout) < Vop- ; 

mal precautions be taken to avoid application of any voltage higher than Unused inputs must always be tied to an appropriate logic voltage level 
maximum rated voltages to this high impedance circuit. For proper {e.g., either Vgg or Vpp): 
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MOTOROLA — Me14012 
Semiconductors MC14012B 


BOX 20912. PHOENIX, ARIZONA 85036 


DUAL 4-INPUT “NAND” GATE — McMOS SSI 


The MC14012 and MC14012B are constructed with P and N channel (LOW-POWER COMPLEMENTARY MOS) 
enhancement mode devices in a single monolithic structure (Comple- 


mentary MOS). Their primary use is where low power dissipation DUAL 4-INPUT “NAND” GATE 
and/or high noise immunity is desired. 


Quiescent Current = 0.5 nA typ/pkg @ 5 Vdc 
Noise Immunity = 45% of Vpp typ 

Supply Voltage Range = 3.0 Vdc to 18 Vde 
All Outputs Buffered (MC14012B only) 


Capable of Driving Two Low-power TTL Loads, One Low-power L SUFFIX P SUFFIX 
‘Schottky TTL Load or Two HTL Loads Over the Rated Temper- CERAMIC PACKAGE PLASTIC PACKAGE 
ature Range. (MC14012B only) CASE 632 CASE 646 


Double Diode Protection on All Inputs ORDERING INFORMATION 





- , : MC14XXXB Suffi D te 
Pin-for-Pin Replacements for CD4012A and CD4012B wen Senotes 
lL Ceramic Package 
: Delete for P Plastic Package 
, Non-B Device A Extended Operating 
MAXIMUM RATINGS (Voltages referenced to Vss) ; Temperature Range 
C Limited Operating 


Rating Symbol Fonpeatie Anos 
DC Supply Voltage -0.5 to +18 
input Voltage, All inputs -0.5 to Vpp +0.5 
DC Current Drain per Pin fi oe ll 


Operating Temperature Range — AL Device Ta -55 to +125 
: CL/CP Device |° -40 to +85 


Storage Temperature Range -65 to +150 


LOGIC DIAGRAM 


Vop = Pin 14 
Vss = Pin 7 





MC14012 14 Vop CIRCUIT SCHEMATICS MC14012B 
: (1/2 of Device Shown) 


This device contains circuitry to protect the inputs against damage due operation it is recommended that Vip and Voyt be constrained to the 
to high static voltages or electric fields; however, it is advised that nor- — range Vsg < {Vin OF Vout) < Vop- 

mat precautions be taken to avoid application of any voltage higher than Unused inputs must always be tied to an appropriate logic voltage level 
maximum rated voltages -to this high impedance circuit. For proper (e.g., either Vsg or Vpp). 
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MOTOROLA 
Semiconductors 


BOX 20912. PHOENIX, ARIZONA 85036 


DUAL TYPE D FLIP-FLOP 


The MC14013B dual type D flip-flop is constructed with MOS 
P-channel and N-channel enhancement mode devices in a single 
monolithic structure. Each flip-flop has independent Data, (D), 
Direct Set, (S), Direct Reset, (R), and Clock (C) inputs ‘and comple- 
mentary outputs (OQ and Q). These devices may be used as shift regis- 
ter elements or as type T flip-flops for counter and toggle applica- ~ 


tions. 


Static Operation 

Quiescent Current = 2.0 nA/package typical @ 5 Vde 
Noise Immunity = 45% of Vpp typical 

Diode Protection on All! Inputs 

Supply Voltage Range = 3.0 Vdc to 18 Vde 

Single Supply Operation 

Toggle Rate = 4 MHz typical @ 5 Vdc 

Logic Edge-Clocked Flip-Flop Design — 

Logic state is retained indefinitely with clock level either high or 


low; information is transferred to the output only on the positive- 
going edge of the clock pulse 


Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range ; 
Pin-for-Pin Replacement for CD4013 





MAXIMUM RATINGS (Voltages referenced to Vs) 


Ta -55 to +125 °C 
-40 to +85 . 
-65 to +150 


Operating Temperature Range — AL Device 
CL/CP Device 


TRUTH TABLE 


X = Don't Care 
t = Level Change 


5-31 


MC14XXXB 





MC14013B 


McMOS SSI 


(LOW-POWER COMPLEMENTARY MOS) 


DUAL TYPE D FLIP-FLOP 


L SUFFIX 
CERAMIC PACKAGE 


CASE 632 


P SUFFIX 
PLASTIC PACKAGE 


CASE 646 
ORDERING INFORMATION 


Suffix Denotes 


L. Ceramic Package 

P Plastic Package 

A Extended Operating 
Temperature Range: 
Limited Operating 
Temperature Range 


BLOCK DIAGRAM 


Vopb = Pin 14 
Vsgs = Pin? 





MC14013B | Pe | ee | 


ELEC EAIeSe CHARACTERISTICS 


Output Voltage “O" Level 
Vin = Vpp or 0 


“1” Level 


Vin= 0 or Vop 


Input Voltage# “O" Level VIL 
(Vo = 4.5 or 0.5 Vde) 
(Vg = 9.0 or 1.0 Vde) 
(Vo = 13.5 or 1.5 Vde) 
“1 Level 
(Vo = 0.5 or 4.5 Vde) 5.0 
(Vo = 1.0 or 9.0 Vdc) 10 
(Vo = 1.5 or 13.5 Vde) 15 
Output Drive Current (AL Device) 
(VoH =2.5 Vde) =‘ Source 
(Voy = 4.6 Vdc) 
- (Von = 9.5 Vde) 
(VoH = 13.5 Vde) 
(VoL = 0.4 Vde) Sink 
(VoL = 0.5 Vde) 
(Voy = 1.5 Vde) 
Output Drive Current (CL/CP Device) 
(VoH = 2.5 Vdc) Source 
(Von = 4.6 Vde) 
(VoH = 9.5 Vde) 
(VoH = 13.5 Vde) 
(VoL =0.4Vde) Sink 
(VoL = 0.5 Vde) 
(Voz = 1.5 Vde) 


Input Current (AL Device) 
Input Current (CL/CP Device) 


Input Capacitance 
(Vin = 0) 

Quiescent Current (AL Device) 
(Per Package) 


Quiescent Current (CL/CP Device) 
(Per Package) 





0.88 
2.25 
8.8 - 


Fc ee ie (ERR Co 
fso.oo007| +03 | | +10 | nade | 


ppp pe 


0.002 uAdc 
0.004 20 

0.006 4.0 ee 

0.002 4.0 

0.004 8.0 

0.006 16 


Total Supply Current* *t . 5. ty = (0.75 pA/kKHz) f+ Ipp 
(Dynamic plus Quiescent, IT = (1.5. HA/KH2) £ + Ipp 
Per Package) ; iy = (2.3 wA/KHz) f + Ipp 


(C, = 50 pF on all outputs, all 
buffers switching) 


*Tiow = 55°C for AL Device, -40°C for CL/CP Device. 
Thigh = +125°C for AL Device, 85°C for CL/CP Device. 
#Noise immunity specified for worst-case input combination. 
Noise Margin for both 1" and “0"' level = 1.0 Vdc min@ Vpp = 5.0 Vde 
2.0 Vde min @ Vpp = 10 Vde 
2.5 Vde min @ Vpp = 15 Vde 
tTo calculate total supply current at !oads other than 50 pF: 
ITC) = 17 (50 pF) + 2x 10-3 (Cy -50) Vopft 


where: I7-is in uA (per package), C_ in pF, Vpp in Vdc, and f in kH2 is input frequency. 


**The formulas given are for the typical characteristics only at 25°C. 





~ 


This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high im- 
pedance circuit. For proper operation it is recommended that Vin and Voy be constrained to the range Vsg < (Vin or Vout) 


<Vpp- 
Unused inputs must always be tied to an appropriate logic voltage tevel (e.9., either Vss or Vpp). 





MOTOROLA Semiconductor Products Inc. 


*, 


e 
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MC14013B . 
SWITCHING CHARACTERISTICS* (c,. = 50 pF, Ta = 26°C) 


Output Rise Time 
ty = (3.0 ns/pF) Cy. + 30 ns 
tr = (1.5 ns/pF) Cy + 15 ns 
ty = (1.1 ns/pF) CL + 10 ns 
Output Fall Time 
te = (1.5 ns/pF) CL + 25 ns 
te = (0.75 ns/pF) Cy + 12.5 ns 
te = (0.55 ns/pF) Cy +12.5 ns 
Propagation Delay Time 
Clock to Q 
tpLH. tPHL = (1.7 ns/pF) CL +90 ns 
 tpLH. tPHL = (0.66 ns/pF) Cy + 42 ns 
tpiH. tpHe = (0.5 ns/pF) Cy + 25 ns 
Set to Q im : 
teLH. tpHL = (1.7 ns/pF) Cy +90 ns 
tpLH. tPHL = (0.66 ns/pF) CL + 42 nis 
teLH. tPHL = (0.5 ns/pF) Cy, + 25 ns 
Reset to Q ; : 
tpLH. tpHe = (1.7 ns/pF) CL + 265 ns 
tpLH. tPHL = (0.66 ns/pF) Cy + 67 ns 
tpLH. tpHL = (0.5 ns/pF) CL + 50 ns 


Minimum Setup Times 


Minimum Clock Pulse Width 


AL CL/cP Typ AL CL/cP 
Vpp Device | Device | All Types | Device | Device 


180 360 360 
90 180 180 
65 130 130 
































200 200 
100 100 
80 

























Maximum Clock Pulse Frequency 


Maximum Clock Pulse Rise and Fall Time 








Minimum Set and Reset Pulse Width 


*The formula given is for the typical characteristics only. 


LOGIC DIAGRAM 
(1/2 of Device Shown) 





(AA) MOTOROLA Semiconductor Products Inc. 
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MC14013B . : . 


FIGURE 1 — DYNAMIC SIGNAL WAVEFORMS FIGURE 2 ~ DYNAMIC SIGNAL WAVEFORMS 
(Data, Clock, and Output) (Set, Reset, and Output) 





20 ns —> 20 ns 





Inputs R and S low. 


TYPICAL APPLICATIONS 


n-STAGE SHIFT REGISTER 


T Flip-Flop 





MODIFIED RING COUNTER (Divide-by-(n + 1)) 





(AA) MOTOROLA Semiconductor Products Inc. 


5-34 


MOTOROLA | 
Semiconductors 


BOX 20912 < PHOENIX, ARIZONA 85036 


8-BIT STATIC SHIFT REGISTER 


The MC14014B and MC14021B 8-bit static shift registers are 
constructed with MOS P-channel and N-channel enhancement mode 
devices in a single monolithic structure. These shift registers find 


primary use in parallel-to-serial data conversion, synchronous and 
asynchronous parallel input, serial output data queueing; and other 
general purpose register applications requiring low power and/or 


high noise immunity. 

@ Quiescent Current = 5.0 nA/package typical @ 5 Vdc 
Synchronous Parallel Input/Serial Output (MC14014B) 
Asynchronous Parallel Input/Serial Output (MC14021B) 
Synchronous Serial Input/Serial Output 

Full Static Operation from DC to 7.0 MHz ; 

“Q” Outputs from Sixth, Seventh, and Eighth Stages 
Double Diode Input Protection 

Supply Voltage Range = 3.0 Vdc to 18 Vde 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load to Two HTL Loads Over the Rated Temper- 
ature Range. 
MC14014B Pin-for-Pin Replacement for CD4014 
@® MC14021B8 Pin-for-Pin Replacement for CD4021 





MAXIMUM RATINGS (Voltages referenced to Vss) 


ee TD 
DC Supply Voltage -0.5 to +18 
Input Voltage, All tnputs -0.5 to Vop + 0.5 


DC Current Drain per Pin 
Operating Temperature Range — AL. Device 
-40 to +85 

















TA. 
CL/CP Device 


Storage Temperature Range 





P4=Pin 4 
PS = Pin 13 


Vpoo = Pin 16 
Vss = Pins 
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MC14014B 
MC14021B 


McMOS MSI 


(LOW-POWER COMPLEMENTARY MOS) 


8-BIT STATIC SHIFT REGISTER 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


ORDERING INFORMATION 
Suffix 


L 


MC14XXX8 Denotes 


Ceramic Package 
Plastic Package 
Extended Operating 
Temperature Range 
Limited Operating 
Temperature Range 


TRUTH TABLE 


SERIAL OPERATION: 


Q6 Q7? as 
CLOCK P/S]] t=nt6[t=nt7/] t= nt8 
0 ? ? 
0 0 


Oo 
? 
0 1 0 
0 0 1 


reLock | Os [ PS] Om | “On | 
F2ahnnnEz 
af 


*Q6, Q7, & OB are available externally 
X = Don’t Care 





MC14014B e MC14021B 3 | | | | 


_ ELECTRICAL CHARACTERISTICS 


Output. Voltage 
Vin = Vpp or 0 


; “1 Level 
Vin =OQor Vop 


Input Voltage# “0” Level 
(Vo = 4.5 or 0.5 Vdc) 
(Vo = 9.0 or 1.0 Vde) 
(Vo = 13.5 or 1.5 Vde) 
“1” Level 
(Vo = 0.5 or 4.5 Vdc) 
(Vo = 1.0 or 9.0 Vde) 
(Vo = 1.5 or 13:5 Vde) 
Output Drive Current (AL Device) 
(VOH = 2.5 Vdc) Source 
(VoH = 4.6 Vde) 
(VQH = 9.5 Vde) 
(VoH = 13.5 Vde) 
(VoL = 0.4 Vde) 
(VoL = 0.5 Vde) 
(Vo. = 1.5 Vde) 
Output Drive Current (CL/CP Device) 
(Voy = 2.5 Vde) | Source 
(Von = 4.6 Vde) 
(VgH = 9.5 Vde) 
(Von = 13.5 Vdc) A 
(VoL = 0.4 Vde) Sink ; 0.88 
(Vo = 0.5 Vde) : : 2.25 
(Vo_ = 1.5 Vde) : 8.8 


Input Current (AL Device) 
‘{tinput Current (CL/CP Device} 


Input Capacitance 
(Vin = 0). 


(Per Package) 


Quiescent Current (CL/CP Device) 
(Per Package) 


Total Supply Current**t ; Iz =(0.75 wA/kHz) f + Ipp 
(Dynamic plus Quiescent, ly = (1.50 ZA/kHz) f + Ippo 
Per Package) ; ‘ Ip = (2.25 wA/kHz) f + Ipp 
(CL = 50 pF on all outputs, all 
buffers switching) 





*Tiow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
#Noise immunity specified for worst-case input combination. 
Noise Margin for both “1° and “!0" level = 1.0 Vde min@ Vpp =5.0 Vdc 
2.0 Vde min@ Vpp = 10 Vde 
2.5 Vde min @ Vpp = 15 Vde 
tTo calculate total supply current at loads other than 50 pF: 
iT(Cy) = 17 (50 pF) +1.5 x 10-3 (C, -50) Vopt 
where: I is in uA (per package), Cy.in pF, Vpp in.Vde, and f in kHz is input frequency. 
“*The formulas given are for the typical characteristics only at 25°C. 



















This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than. maximum rated voltages to 
this high impedance. circuit. For proper 
operation it is recommended that.Vjp and 
Vout be constrained to the range Vsg < 
(Vin Or Vout) < Vop.- 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vss or Vpp). 


| @) MOTOROLA Semiconductor Products inc. 
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| .MC14014BeMC14021B-— j 


SWITCHING CHARACTERISTICS* (c,_ = 50 pf, Ta = 25°C) 


Vop AL CL/cP Typ AL 
Characteristic ; Symbol Vde Device { Device j All Types | Device 


Output Rise Time © ; 
ty = (3.0.ns/pF) Cy + 30 ns 180 400 
ty = (1.5 ns/pF) CL + 15 ns 90 200 
ty = (1.1 ns/pF) Cz, + 10 ns 65 160 . 


| Output Fall Time 
te = (1.5 ns/pF) Cy + 25 ns 
te = (0.75 ns/pF) CL + 12.5 ns 
te = (0.55 ns/pF) Cy + 9.5 ns 

Propagation Delay Time (Clock to O, P/S to Q) 

tPLH. tPLH = (1.7 ns/pF) Cy + 315 ns 
tpHL. teLH = (0.66 ns/pF) Cy + 137 ns 
tpHL. tPLH = (0.5 ns/pF) C_ +90 ns 


‘Minimum Clock Pulse Width 

Maximum Clock Frequency 

Minimum Parallel/Serial Controt Pulse Width 
Minimum Setup Time 


"Maximum Input Clock Rise Time 


° 





*The formula given is for the typical characteristics only. 


FIGURE 1 ~ OUTPUT SOURCE CURRENT TEST CIRCUIT FIGURE 2 — OUTPUT SINK CURRENT TEST CIRCUIT 


Pulse 
Generator 


Pulse 
Generator 


External 
Power 
Supply . 
Preset output under test to a logic ’’1°’ ‘level. 


External 
Power 
Supply 





® MOTOROLA Semiconductor Products Inc. 
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MC 14014B @ MC14021B © 





FIGURE 3 — POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 





Pulse 
Generator 
1 


Pulse 


Generator Parallel or 


Serial Data 
tnput 


Clock or P/S 
~ Input 


Pulse 


Generator 
2 


Output 


Switch Position 1 = Parallel! In 
Switch Position 2 = Serial tn tr t¢ 


PWeL = PWoH = 50% Duty Cycle 





@) MOTOROLA Semiconductor Products inc. 
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MOTOROLA 


Semiconductors MC14015B | 


BOX 209126 PHOENIX, ARIZONA 85036 





DUAL 4BIT STATIC SHIFT REGISTER 


The MC14015B dual 4-bit static shift register is constructed with 
MOS P-channel and N-channel enhancement mode devices in a single - 
monolithic structure. It consists of two identical, independent 
4-state serial-input/parallel-output registers. Each register has inde- 
pendent Clock and Reset inputs with a single serial Data input. The 
register states are type D master-slave flip-flops. Data is shifted from 
one stage to the next during the positive-going clock transition. Each 
register can be cleared when a high level is applied on the Reset line. 
There complementary MOS shift registers find primary use in buffer 
storage and serial-to-parallel conversion where low power dissipation 
and/or noise immunity is desired. 


Quiescent Current = 5.0 nA/package typical @ 5 Vdc 





McMOS MSI 


(LOW-POWER COMPLEMENTARY MOS) 


DUAL 4BIT STATIC 
SHIFT REGISTER 


Noise Immunity = 45% of Vpp typical 

Diode Protection on All Inputs 

Supply Voltage Range = 3.0 Vdc to 18 Vdc 
Single Supply Operation — Positive or Negative 
High Fanout — > 50 

Input Impedance = 1012 ohms typical 


{ " : i 
L SUFFIX ' P SUFFIX 


CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 620 CASE 648 


Low Input Capacitance — 5.0pF typical ORDERING INFORMATION | 


Logic Swing Independent of Fanout 
Toggle Rate = 6.0 MHz @ 10 Vdc 


Logic Edge-Clocked Flip-Flop Design — . 

Lagic state is retained indefinitely with clock level either high or 
low; information is transferred to the output only on the positive 
going edge of the clock pulse. 

Capable of Driving Two Low-power TTL Loads, One Low-power 


Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range. 


MAXIMUM RATINGS (Voltages referenced to Vss) 


[Symbol] Value | _Unit_] 
-0.5 to Vpp + 0.5 
te) 


MC14XXXB Suffix. Denotes 


; iz Ceramic Package 
-P- Plastic Package 
Extended Operating 
Temperature Range 
Limited Operating 
Temperature Range 


Operating Temperature Range — AL Device -$5 to +125 eae 


dc 
Cc 

CL/CP Device -40 to +85 
°c 


Storage Temperature Range -65 to +150 | 8c 


TRUTH TABLES 


CLOCKED OPERATION DIRECT OPERATION 
. (SYNCHRONOUS) . (ASYNCHRONOUS) 


| On | Onss_| 


Vpp = Pin 16 
Vsgs = Pin 8. 
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Output Voltage 
Vin = Vpp or O 


Vin = 00r Vpp 


Input Voltage” 
(Vo = 4.5 or 0.5 Vde) 
(Vo = 9.0 or 1.0 Vde) 
(Vo = 13.5 or 1.5 Vde) 


“1” Level 
(Vo = 0.5 or 4.5 Vdc) 
(Vo = 1.0 or 9.0 Vdc) 
(Vo = 1.5 or 13.5 Vde) 

Output Drive Current {AL Device) 
(VOH = 2.5 Vde) Source 
(VoH = 4.6 Vde) 

(VoH = 9.5 Vde) 

(VQH = 13.5 Vde) 

(VoL = 0.4 Vde) Sink 
(VoL = 0.5.Vde) 

(VoL = 1.5 Vde) ~ 

Output Drive Current (CL/CP Device) 
(VoH = 2.5 Vde) Source 
(VoH = 4.6 Vde) 

(Von = 9.5 Vde) 

(Von = 13.5 Vde) 

(Voy = 0.4 Vde) 

(Vot = 0.5 Vde) 

(VoL = 1.5 Vde) 


Input Current (AL Device) 
Input Current (CL/CP Device) 


Input Capacitance 
(Vin = 0) 

Quiescent Current (AL Device) 
(Per Package) 


Quiescent Current (CL/CP Device) 
(Per Package) 


Total Supply Current* *t ; ; It = (1.2 wA/KHz) f+ Ipp 
(Dynamic pius Quiescent, IT = (2.4 BA/KH2) f + IDpD 
Per Package) Ip = (3.6 #A/kHz) f+ Ipp 
{C, = 50 pF on ail outputs, all 
buffers switching} 





*Tiow = ~95°C for AL Device, -40°C for CL/CP Device. 
Thigh = +125°C for AL Device, 85°C for CL/CP Device. 
xNoise immunity specified for worst-case input combination. 
Noise Margin for both “1” and 0" level = 1.0 Vdc min@ Vpp = 5.0 Vde 
: 2.0 Vde min@ Vop = 10 Vde 
t 2.5 Vde min @Vpop = 15 Vde 
tTo calculate total supply current at loads other than 50 pF: : \ 
IT(CL) = 17150 AF) + 2x 10-3. (Cy -50) Vopf 
where: I-r is in wA (per package), Cy in pF, Vp in Vde, and f in kHz is input frequency. 
_**The formulas given are for the typical characteristics only at 25°C. 





This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high im- 
Pedance circuit. For proper operation it is recommended that Vin and Vout be constrained to the range Vsg < (Vin or Vout) 
<Vpp. ; 

| Unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vsg or Vop). 







(AA) MOTOROLA Semiconductor Products ie 
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Output Rise Time 
tr = (3.0 ns/pF) Cy + 30 ns : Bi 400 
ty = (1.5 ns/pF) Cy + 16 ns o 
tp = (1.1 ns/pF) CL + 10 ns ; 
te = (0.75 ns/pF) Cy + 12.5 ns if 

Minimum Clock Pulse Width 5.0 


MC14015B . 
Output Fail Time 
1 
= (0.55 ns/pF) Cy + 9.5 ns 
10 


SWITCHING CHARACTERISTICS* (Cc, =50 pF, Ta = 25°C) 
ie Typ Ea 
Characteristic oe Device | All Types Deas ee 
te = (1.5 ns/pF) CL +25 ns 
Propagation Delay Time , tPLH. 
. Clock, Data to Q tPHL 
teLH. tPpHL = (1.7 ns/pF) Cy_ + 225 ns 5.0 
tpLH.- tPpHL = (0.66 ns/pF) CL + 92 ns 10 
tPLH, tpHL = (0.5 ns/pF) Cy + 65 ns 15 
Reset to 0 
tPLH.- tPHL = (1.7 ns/pF) Cy + 375 ns 5.0 
teLH. tPpHL = (0.66 ns/pF) CL + 147 ns , 10 
tPLH. tpHL, = (0.5 ns/pF) Cy +95 ns 15 
15 





Maximum Clock Pulse Frequency 


Maximum Clock Pulse Rise and Fall Times - ne 


Minimum Reset Pulse Width 


Setup Time 





FIGURE 1 — POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 


0.01 uF 
PULSE (10) tr CERAMIC 


GENERATOR 


PULSE 
GENERATOR 
1 





(AA) MOTOROLA Semiconductor Products Inc. 
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-MC14015B Pe 


FIGURE 2 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 


PULSE 
GENERATOR 


PULSE 
GENERATOR 
1 


ao 


CPW = CPWy = 50% Duty Cycle 
tr=tf <20ns 





FIGURE 3 — SETUP AND HOLD TIME TEST CIRCUIT AND WAVEFORMS 





PULSE 50% 
GENERATOR 


tsetup 


thold 


’ ieee!) 


(AA) MOTOROLA Semiconductor Products tnc. 
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MC14015B 


Sug 4 0} 
49019 


Mg IX8N 
j0Q OL 


¥343NG LNNI 49019 





ug sng 
0} Reg 


aga 
¥333N@ LNdNI L3as3ay ¥addNG@ LNdNi VLVG 
SSA 

eo. 


dip iieid 


Lid JTONIS 





SOILVIWAHIS LINDHID 
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MC14015B | . 


LOGIC DIAGRAMS 


SINGLE BIT 


Next Bit | 


COMPLETE DEVICE . 


DATA INPUT BUFFER 


RESET INPUT BUFFER 


DATA INPUT BUFFER 


VoD = Pin 16 
Vss=Pin 8 


RESET INPUT BUFFER 





(AA) MOTOROLA Semiconductor Products Inc. 
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MOTOROLA 
Semiconductors 


BOX 20912 . PHOENIX. ARIZONA 85036 


QUAD ANALOG SWITCH/QUAD MULTIPLEXER 


The MC14016. quad bilateral switch is constructed with MOS P- 
channel and N-channel enhancement mode devices in a single mono- 
lithic structure. Each MC14016 consists of four independent switches 
capable of controlling either digital or analog signals. The quad bi- 

. lateral switch: is used in signal gating, chopper, modulator, demodu- 
lator and CMOS logic implementation. 


High On/Off Output Voltage Ratio — 65 dB Typical 
Quiescent Current = 0.5 nA/package typical @ 5 Vdc 

Low Crosstalk Between Switches — 80 dB typical @ 1.0 MHz 
Diode Protection on All Inputs 

Supply Voltage Range = 3.0 Vdc to 18 Vdc 
Transmits Frequencies Up to 54 MHz @ 5 Vdc 

Linearized Transfer Characteristics 

Low Noise — 12nV/\/ Cycle, f> 1 kHz typical 

Pin-for-Pin Replacement for CD4016, CD4066 





MAXIMUM RATINGS (Voltages referenced toVgs) * 


[Symbor] __Vaiwe [Unit] 
[110 | mAs | 






Rating 





OC Supply Voltage 






Input Voltage, All inputs — 







OC Current Drain per Pin 








-55 to +125 
-40 to +85 


~65 to +150 


This device contains circuitry to protect the contro}! inputs against damage due to 
high static voltages or electric fields; however, it is advised that normal precautions 
be taken to avoid application of any voltage higher than maximum rated voltages 
to this high-impedance circuit. A destructive high-current mode may occur if Vin 
and Voyt is not constrained to the range Vsg < (Vin Or Vout) < Vop- 


Operating Temperature Range — AL Device 
’ CL/CP Device 





Storage Temperature Range 






CIRCUIT SCHEMATIC 
(1/4 OF DEVICE SHOWN) 


Vop 


Controi 
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MC14016B 


-McMOS SSI 


(LOW-POWER COMPLEMENTARY MOS) 


QUAD ANALOG SWITCH | 
QUAD MULTIPLEXER 


L SUFFIX 
CERAMIC PACKAGE 


CASE 632 


P SUFFIX 
PLASTIC PACKAGE 


CASE 646 


ORDERING INFORMATION 


Suffix Denotes 


L lL Ceramic Package 
P Plastic Package 
A Extended Operating 
Temperature Range 
C Limited Operating 
Temperature Range 


MC14XXXB 


BLOCK DIAGRAM 
Control 1 


In 


Control. 2 


In2 


Control 3 


in3 
12 
Control! 4 


11 
In4 


Vpp = Pin 14 
Vss = Pin 7 





ELECTRICAL CHARACTERISTICS 


Input Voltage# 
Control input 


Input Current (AL Device) Control 
Input Current (CL/CP Device) Control 


Input Capacitance 
Control 
Switch Input 
Switch Output 
Feed Through 


Quiescent Current (AL Device) 
(Per Package} 


| Quiescent Current (CL/CP Device} 
(Per Package) 


“ON'' Resistance (AL Device) 
(Vo=Vpp. RL = 10 kQ) 
(Vin = +5.0 Vdc) 
(Vin = 5.0 Vde) Vgg = —5 Vde 
(Vin = £0.25 Vde) 
(Vin = +7.5 Vde) 
(Vin = —7.5 Vde) Vgg = —7.5 Vde 
(Vin = £0.25 Vde) 
(Vin = +10 Vde) 
(Vin = +0.25 Vde) Vgg = 0 Vde 
(Vin = +5.6 Vde) 
(Vin = +15 Vde) 
(Vin = +0.25 Vdc) Vgg = 0 Vde 
(Vin = +9.3 Vde) 


“ON” Resistance (CL/CP Device) 
(Vc=Vpp, RL = 10 kQ) 
* (Vin = +5.0 Vdc) 
‘(Vin = 5.0 Vde) Vgg =—5 Vde 
(Vin = £0.25 Vde) 
(Vin = +7.5 Vde) 
(Vin = —7.5 Vde) Vgg = —7.5 Vde 
(Vin = £0.25 Vde) 
(Vin = +10 Vde) 
(Vin = +0.25 Vde) Vgg = 0 Vde 
(Vin = +5.6 Vdc) 
(Vin = +15 Vde) 
(Vin = +0.25 Vdc) Vgg = 0 Vde 
(Vin = +9.3 Vde) i 


AON” Resistance fe 3 
Between any 2 circuits in a common 
' package 
(Vc =Vpp) 
(Vin = £5.0 Vde) Vgg = —5 Vde 
(Vin = £7.5 Vdc) Vgg =—7.5 Vde 


Input/Output Leakage Current (Vc = Vgs) 
(Vin = +5.0, Voyt = —5.0 Vde) 
(Vin = 5.0, Vout = +5.0 Vde) 
(Vin = +7.5, Vout = —7.5 Vde) : +250 
(Vin = —7.5, Vout = +7.5 Vde) ; +250 


*Tlow = —55°C for AL Device, —40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 

#\Input Voltage Specified as the voltage required at the Control! Input 
fora 10 WA current through the transmission gate with an input-to- 
output stress of Vpp—Vssg for Viz and Vip. 


NOTE: All unused control inputs must be returned to Vpp or Vss as 
appropriate for the circuit application. 





5-46 


MC14016B . 


SWITCHING CHARACTERISTICS* (Cc, =50 pF, Ta = 25°C) 


Vpp Typ 
Characteristic — Vde All en 
Propagation Delay Time (Vgg = 0 Vdc) 
Vin to Vout 
(Vo =Vpp, RL = 1.0 k2) 
5.0 


Control to Output 
(Vin < 10 Vde, RL = 1.0kQ) 


Crosstalk, Control to Output (Vsgg = 0 Vde) 
(Vc = Vop. Rin = 1.0 k&, Rout = 10 k2) 


Crosstalk between any two switches (Vgs = 0 Vdc) 
(RL= 10k2,f =1.0 MHz, 


Vv, 
crosstalk = 20 log 19 oe ) 
out 


Maximum Control! Input Pulse Frequency (Vsg = 0 Vdc) 
(Ru = 1.0 kQ) 


Noise Voltage (Vsgg = 0 Vdc) : \ i nVv//Cycle 
(Vc = Vpp. f = 100 Hz) 
(Vc = Vpp. f = 100 kHz) R 


Sine Wave (Distortion) (Vgg = -5 Vdc) % 
(Vin = 1.77 Vdc RMS Centered @ 0.0 Vdc, 
RL = 10k, f = 1.0 kHz) 


insertion Loss (Vc = Vpp. Vin = 1.77 Vde, Ves = 6 Ve, oe 


RMS centered = . 0 Vdc, f = 1.0 MHz). 


out 
Hoss = 20 logo ve ) 


(Ry = 1.0kQ) 
(Ry = 10 k&) 
(RL = 100 k2) 
(Ry = 1.0 MQ) 
Bandwidth (—3 dB) 
(Vc = Vpp. Vin = 1.77 Vde, Vgg = —5 Vde, 
RMS centered @ 0.0 Vdc) 
(Ry = 1.0 kQ) 
(RL = 10 kQ) 
“(RE = 100 kQ) 
(Ry, = 1.0 MQ) 


Feedthrough (Vgg = —5 Vdc} 

Vout 
(Vc = Vgg, 20.10g10 = —50 dB) 

Vin 
(Ry = 1.0 kX) 1250 
(RL = 10 kQ) 140 
(Ry, = 100 k2) ? 18 
(RL = 1.0 MQ) 2.0 


*The formula is for the typical characteristics only. 
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MC14016B : | . _ 


‘FIGURE 1 — INPUT VOLTAGE 
TEST CIRCUIT 


LOGIC DIAGRAM 
(1/4 OF DEVICE SHOWN) 


Control 


Logic Diagram Restrictions 
Vss S$Vin SVo0 
Vss <Vout SVpb Vss Vop 


; ViL= Vc when Is = 10 4A 


>109 Ohms typ Vin = Vop — Vc when Ig = 10 HA 





FIGURE 2 — QUIESCENT POWER DISSIPATION FIGURE 3 — TYPICAL POWER DISSIPATION PER CIRCUIT 
TEST CIRCUIT _(1/4 OF DEVICE SHOWN) 







Pp, POWER DISSIPATION (uW) 
3 8 


: Toall 
Pulse 4 circuits 
Generator 





10 Aer 


50k 10k 100 k 1.0M 10M 50M 
fc, FREQUENCY (Hz) 





TYPICAL Ron versus INPUT VOLTAGE 
FIGURE 4 — Vgg = -5.0 V AND -7.5 V ‘FIGURE 5 — Vgg = 0 V 


—RL= 10 k2 
Ta = 250C 


Ron, “ON” RESISTANCE (ohms) 
Ron, “ON” RESISTANCE (ohms) 





“Vin, INPUT VOLTAGE {Vdc} : 2 Vin, INPUT VOLTAGE (Vdc) 
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MC14016B 


FIGURE 6 — Ron CHARACTERISTICS FIGURE 7 — PROPAGATION DELAY TEST CIRCUIT 
TEST CIRCUIT ; AND WAVEFORMS 





FIGURE 8 — TURN-ON DELAY TIME TEST CIRCUIT \ j : 
AND WAVEFORMS FIGURE 9 — CROSSTALK TEST CIRCUIT 








FIGURE 10 — NOISE VOLTAGE TEST CIRCUIT : FIGURE 11 — TYPICAL NOISE CHARACTERISTICS 


: NTE 


30 













a | IN SO a 
as CON Ne a 
= 2 
ue : Tn SS ENUICTl 
Model ¢ NY 
15 : 
ee eanie = PTT TTS No So 
: a1 Co 
: a EA A 


5.0 


9 
10 100 1.0k 0k 100 k 
f, FREQUENCY (Hz) 
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MC 14016B | 


a 


FIGURE 12 — TYPICAL INSERTION LOSS/BANDWIDTH : . 
CHARACTERISTICS FIGURE 13 — FREQUENCY RESPONSE TEST CIRCUIT 


aE Riel Bats and nie ka alll LO 


_ 20 























g i Wl 
B -20 ee 

oO 
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Zz 
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ir -3.0 dB (RL = 10 kQ) 

2 6.0 
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- 
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-10 
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MOTOROLA | 
Semiconductors MC14017B 


BOX 20912 « PHOENIX, ARIZONA 85036 


McMOS MSI 


DECADE COUNTER/DIVIDER 


The MC14017B is a five-stage Johnson decade counter with built- 
in code converter. High-speed operation and spike-free outputs are: 
obtained by use of a Johnson decade counter design. The ten de- 
coded outputs are normally low, and go high only at their appropriate ~ 


(LOW-POWER COMPLEMENTARY MOS) 
DECADE COUNTER/DIVIDER 


decimal time period. The output changes occur on the positive- 
going edge of the clock pulse. This part can be used in frequency 
division applications as well as decade counter or decimal decode 
display applications. 


@ Fully Static Operation 
DC Clock Input Circuit Allows Slow Rise Times 
Carry Out Output for Cascading 
12 MHz (typical) Operation @ Vpp = 10 Vde 
Divide-by-N Counting -° 
Quiescent Current = 5.0 nA/package. Typical @ 5 Vdc 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range 
Pin-for-Pin Replacement for CD4017 


L SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 


CASE 620 CASE 648 


ORDERING INFORMATION 


MC14XXXB Suffix Denotes 


ie Ceramic Package 
Plastic Package 


Extended Operating 
Temperature Range 
Limited Operating 

Temperature Range 





MAXIMUM RATINGS (voltages referenced to Vss) 





-0.5 to +18 Vi 
-0.5toVpp +05] V 
DC Current Drain per Pin 


Operating Temperature Range — AL Device ~55 to +125 ° 
° CL/CP Device -40 to +85 


FUNCTIONAL TRUTH TABLE 
(Positive Logic) 


cael ee gel 
CLOCK ENABLE RESET | OUTPUT =n 
0 n 
X 


x ie] 
1 n 
x x ao 
a 0 : 
TNs x 
x S— ; ; 
a | a oe 


Clock 







Cc 
=65 to +150 


ooo- 0 


Qa 


Enable 
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ELECTRICAL CHAD BC TEMSTICS 


Chavéeeotuiic. ark 


Output Voltage “0” Level 
Vin = Vpp or 0 


Vpp ae ee te 
Vide [Max | Min [Tye [Max [Min | Max _| 





y 1" Levelt 
Vin = 0 or Vpp 
Input Voltage * “0” Level 
(Vo = 4.5 or 0.5 Vde) 
(Vo =9.0 or 1.0 Vdc} 
(Vo = 13.5 or 1.5 Vde) 
, "1" Level 
(Vo = 0.5 or 4.5 Vdc) 
(Vg = 1.0 or 9.0 Vde) 
(Vo = 1.5 or 13.5 Vdc) 

Output Drive Current (AL Device) 
(VOH = 2.5. Vde) Source 
(VOH = 4.6 Vdc) 

(Von = 9.5 Vde) 

(VoH = 13.5 Vde) 

(Voi. = 0.4 Vde) Sink 
(Voz = 0.5 Vdc) 

(Voy = 1.5 Vde) 

Output Drive Current (CL/CP Device) 
(VoH = 2.5 Vde): Source 
(VoH = 4.6 Vde) 

(Voy = 9.5 Vdc) 

(VoH = 13.5 Vde) 

(VoL = 0.4 Vde) Sink 
(VoL = 0.5 Vde) 

(VoL = 1.5 Vde) 


input Current (AL Device) | lw 18 [= | 200 | — eooooor| 01 | — | =10-| wade | 
input Current {CLICP Device) | tin | 18 | - | #03 | — |ro.oooor| eos | — | #10 | wade | 


at oO ee te eee 


. (Vin = 0) 
Quiescent Current (AL Device). 0.005 150 uAdc 
0.010 300 
80 
*Tiow = -55°C for AL Device, -40°C for CL/CP Device. 


(Per Package) ©’ 
0.015 600 
Thigh = +125°C for AL Device, +85°C for CL/CP. Device. 


o6 
0.005 20 150 
40 300 
80 600 
BNois immunity specified for worst-case input combination. 


0.010 
0.015 
= (0.27 KA/kKHz) f + Ippo 
= (0.55 MA/kHz) f+ Ipp 
= (0.83 ZA/kHz) f+ IpD 
Noise Margin for both “1° and “0” level = 1.0 Vde min@ Vpp = 5.0 Vde 
2.0 Vde min@ Vpp = 10 Vde 
2.5 Vde min@ Vpp = 15 Vde 
tTo calculate total usele current at toads other than 50 pF: 
IT (Cr) = 17(50 pF) + 1.1 x 1073 (C_ —50) Vppft = 
where: !+7 is in nA (per package), C_ in pF, Vpp in Vde, and f in kHz is input frequency. 
**The formulzs given are for the typical characteristics only at. 25°C. 


= 
< 
a 
= 





Quiescent Current (CL/CP Device) 
(Per Package) 


Total Supply Current* *t 
{Dynamic plus Quiescent, 
Per Package) : 
(Cy = 50 pF on all outputs, all 
buffers switching) 


\ 





This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
acivised that normal precautions be taken 


to avoid application of any voltage higher 
thar. maximum rated voltages to this high 
impedance circuit. For proper operation it 


‘is recommended that Vin and Voyt be 
constrained to the range Vssg < (Ving or 


Vout) < Vop- 
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 


Vgg or Vop). 


MOTOROLA Semiconductor Products Inc. 
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MC14017B.—ti; | | 


SWITCHING CHARACTERISTICS*® (c,, = 50 pF, Ta = 25°C) 


[Min | Mex 
| Vpp AL CL/cPp Typ AL - | CL/CP 
Symbol! {| Vde Device | Device | Ail Types | Device | Device 
180 
90 
65 160 
te : 
100 176 200 
50 75 100 
37 55 80 
PLH. 
PHL 
: 500 750 1000 
230 350 460 
140 250 350 
tPLH. 
PHL : 
400 600 800. 
150 250 350 
100 190 250 






\ 
Characteristic 










Output Rise Time 
ty = (3.0 ns/pF) Cy + 30 ns 
ty = (1.5 ns/pF) Cy + 18 ns 

= (1.1 ns/pF) C, + 10 ns 


Output Fail Time 
' te = (1.5 ns/pF) Cy, + 25 ns 

te = (0.75 ns/pF) Cy + 12.5 ns . 
= (0.55 ns/pF) C; + 9.5 ns 
Propagation Delay Time 

Reset to Decode Output 

tPLH-tPHL = (1.7 ns/pF) CL + 415 ns 

tPLH tPHL = (0.66 ns/pF) Cy + 197 ns 
tPLH-tPHL = (0.5 ns/pF) CL + 115 ns 
Propagation Delay Time 
Clock to Court 
tPLH-tPHL = (1.7 ns/pF) Cy + 315 ns 
tPLH-tPHL = (0.66 ns/pF) CL +117 ns 
tpLH tpHe = (0.5 ns/pF) CL + 75 ns 
Propagation Delay Time 

Clock to Decode Output 

tPLH-tPHL= (1.7 ns/pF) Cy + 415 ns 

tPLH-tPHL = (0.66-ns/pF) Cy + 197 ns 
tPLH-tpHL = (0.5 ns/pF) Cy + 115 ns 
Turn-Off Delay Time : 
Reset to Cout 
tPLH = (1.7 ns/pF) CL. +315 ns 
tPLH = (0.66 ns/pF) C, + 117 ns 
PL = (0.5 ns/pF) CL. + & ns 
















































































Maximum Clock Frequency 










Minimum Reset Pulse Width 





ses 
. 190 
750 
100 a 275 
80 ~ 150 210 








Reset Removal Time . 











No Limit 









Clock Enable Setup Time 






Clock Enable Release Time 


*The formula given is for the typical characteristics only. 
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FIGURE 1 — TYPICAL OUTPUT SOURCE AND OUTPUT SINK CHARACTERISTICS 
TEST CIRCUIT 


OVout 


OUTPUT OUTPUT 
SINK DRIVE | SOURCE DRIVE 


Clock to 
DECODE desired 
outputs | ‘81 to) outputs 


{$1 to B) 


_ Clock to 5 
thru 9 STtoA 
(S71 to B) 


External 
" Power 
Supply 


FIGURE 2 — TYPICAL POWER DISSIPATION TEST CIRCUIT 


0.01 WF 
ails Ceramic 


Clock Enable 


Pulse 
Generator 





APPLICATIONS INFORMATION 


Figure 3 shows a technique for extending the number of decoded output states for the MC14017B. Decoded 
outputs are sequential within each stage and from stage to stage, with no dead time (except propagation delay}. 


FIGURE 3 ~ COUNTER EXPANSION 








R R R 











MC14017B MC14017B MC14017B 














Q0 Qie e eOQ8 QY Q0Q1¢ « « Q8 ag Qi ee e Q8 09 


8 Decoded 
Outputs | 













9 Decoded 
Outputs 


8 Decoded 
Outputs 


First Stage “Intermediate Stages. Last Stage 
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| MC14017B | | 


FIGURE 4 — AC MEASUREMENT DEFINITION AND FUNCTIONAL WAVEFORMS 
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f \ : 10% 2 i, 
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MOTOROLA 
Semiconductors 


BOX 20912 6. PHOENIX, ARIZONA 85036 


PRESETTABLE DIVIDE-BY-N COUNTER 


The MC14018B contains five Johnson counter stages which are 
asynchronously presettable and resettable. The counters are syn- 
chronous, and increment on the positive going edge of the clock, 

Presetting is accomplished by a logic 1 on the preset enable input. 
Data on the Jam inputs will then be transferred to their respective 
@ outputs (inverted), A logic 1 on the reset input will cause all 
G outputs to go to a logic 1 state. 

Division by any number from 2 to 10 can‘be accomplished by 
connecting appropriate Q outputs to the data input, as shown in 
the Function Selection table. Anti-lock gating is included in the 
MC 14018B to assure proper counting sequence. 


@ Fully Static Operation 
@ Medium Speed — 6.5 MHz typical @ 10 V 
@ Schmitt Trigger on Clock Input 
@ Capable of Driving Two Low-Power TTL Loads, One 
Low-Power Schottky TTL Load or Two’HTL Loads 
‘Over the Rated Temperature Range 
Pin-for-Pin Replacement for CD4018 






MAXIMUM RATINGS (Voltages referenced to Vgs) 


LS Rating ——SSSCSS*dz;CSvmbo | Value «dCi 
[DC Current Drain per in —SSSSCdC 
-40 to +85 : 


Operating Temperature Range — AL Device 
Storage Temperature Range ~ ~65 to +150 


CL/CP Device 


This device contains circuitry to protect the inputs against damage due to high 
static voltages or electric fields; however, it is advised that normal precautions be 
‘taken to avoid application of any voltage higher than maximum rated voltages to 








this high impedance circuit. For proper operation it is recommended that Vip and 
Vout be constrained to the range Vssg < (Vin or Vout) < Vop. - 

-Unused inputs must always be tied to an appropriate logic voltage level (e.g., 
either Vsg or Vpp). 
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MC14018B 


McMOS MSI 


(LOW-POWER COMPLEMENTARY MOS) 


+ 


PRESETTABLE 
DIVIDE-BY-N COUNTER 


P SUFFIX 
PLASTIC PACKAGE 


” CASE 648 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 

ORDERING INFORMATION 


MC14XXXB uffix Denotes 


L Ceramic Package 
Plastic Package 
Extended Operating 
' Temperature Range 
C Limited Operating 


, Temperature Range 





FUNCTIONAL TRUTH TABLE 


_ *Dpy is the Data input for that stage. Stage 1 has 
Data brought out to Pin 1. 





MC14018B : , 
ELECTRICAL CHARACTERISTICS 


Characteristic : 


Output Voltage “0” Level: 
Vin=Vpp or 0 


“1” Level 
Vin =00r Vop 


Input Voltage* “0” Level 
(Vo = 4.5 or 0.5 Vdc) 
(Vo = 9.0 or 1.0 Vde) 
(Vo = 13.5 or 1.5 Vde) 


(Vo = 0.5 or 4.5 Vdc) 
(Vo = 1.0 or 9.0 Vde) 
(Vo = 1.5 or 13.5 Vde) 
Output Drive Current (AL Device) 
(VOH = 2.5 Vde) Source 
(VOH = 4.6 Vdc) 
(VOH = 9.5 Vdc) 
(VOH = 13.5 Vde) 
(VOL = 0.4 Vdc) 
(VoL = 0.5 Vdc) 
(VoL = 1.5 Vde) 
Output Drive Current (CL/CP Device) 
(VOH = 2.5 Vdc) Source 
(VOH = 4.6 Vdc) 
(VOH = 9.5 Vde) 
(VOH = 13.5 Vde) 
(Voz = 0.4 Vde) Sink F : 0.88 
(Vot = 0.5 Vde) 3 . . . 
(Voz = 1.5 Vde) 


Input Current (AL Device) 
Input Current (CL/CP Device) 


Input Capacitance 
(Vin = 0) 

Quiescent Current (AL Device) : i 150 
me EE anaes 

Quiescent Current (CL/CP Device) : 150 
(Per Package) a ae 


Total Supply Current**t 5 I7 = (0.3 GATKHz) f+ Ip 
(Dynamic ptus Quiescent, = (0.7 BA/kHz) f + 6b 
Per Package) ; ie = (1.0 wA/kH2) f+ IpD - 
(C, = 50 pF on all outputs, all 
buffers switching) 





*Tiow = -95°C for AL Device, 40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
#Noise immunity specified for worst-case input combination. 
Noise Margin for both “1” and “0” level = 1.0 Vde min@Vpp = 5.0 Vde 
2.0 Vde min@Vopp = 10 Vde 
2.5 Vde min @ Vopp = 15 Vde 
tTo calculate total supply current at loads other than 50 pF: 
IT(CL) = 17(S0 pF) +1 x 10-3 (Cy -50) Vopf 
where: {7 is in uA (per package), Cy in pF, Vpp in Vdc, and f in kHz is mas frequency. 
**The formulas given are for the typical charscteristics only at 25°C. 


‘ 
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MC14018B ‘ 


SWITCHING CHARACTERISTICS*® (c, =50 pF, Ta = 25°C) 


All <a 


Characteristic 


Output Rise and Fail Time — 
ty.te = (1.35 ns/pF) CL + 32ns 
- tete = (0.6 ns/pF) Cy + 20.ns 
ty.t¢ = (0.4 ns/pF) Cy + 20 ns 


Propagation Delay Time 

Clock to 0 : 
tpLH.tpHL = (0.90 ns/pF) Cy + 265 ns 
tpLHtPHL = (0.36 ns/pF) Cy + 102 ns 
tPLH-tPHL = (0.26 ns/pF) Cy + 72 ns 

Reset to 0 
tpLy = (0.90 ns/pF) Cy + 325 ns 
tpLH = (0.36 ns/pF) Cy + 132 ns 
tpLy = (0.26 ns/pF) C+ 81 ns 

Preset Enable to O 
tPLH-tPHL, = (0.90 ns/pF) CL + 325 ns 
teLH.tpHL = (0.36 ns/pF) Cy + 132 ns 
tpLHtPHL = (0.26 ns/pF) Cy + 81 ns 


85 


370 
150 
100 200 


370 740 

150 300 

100 200 
Minimum Setup Time 

Data (Pin 1) to Clock 200 

100 

80 


Jam Inputs to Preset Enable 200 


100 
80 


270 540 
250 500 
240 480 


200 400 
100 200 
160 


290 
130 
110 


1.25 2.5 
3.25 6.5 
4.0 8.0 


Data (Jam Inputs)-to-Preset 
Enable Hold Time 


Minimum Clock Pulse Width 


Minimum Reset or Preset Enable 
Pulse Width 


a 
o 


Maximum Clock Rise and Fall Time 


5.0 
10 
15 


Maximum Clock Pulse Frequency 





*The formulas given are for the typical characteristics only. 


FIGURE 1 — SWITCHING TIME WAVEFORMS 


Any Input 


Any Output 
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Ciock 


Reset 


Preset Enable 


Jam 1 


Jam 2 


_ TIMING DIAGRAM Jam 3 Don't Care 
(Q5 Connected to Data input} Unni Crest Enable 


Goes High 





Jam 4 




















FUNCTION SELECTION 


Connect 
Counter Data Input 
} Mode (Pin 1) to: 


Divide by 10 
Divide by 8 No external 
Divide by 6 components needed. 
Divide by 4 
Divide by 2 
Divide by 9 a5¢Q Gate package 
Divide by 7 a4¢e0 needed to provide 
Divide by 5 Q3e0Q AND function. 
Divide by 3 Q: a Counter Skips ail 

: 1's state 


Clock 14 


Data 1 


Reset 15 


Preset Enable 10 


Vop = Pin 16 
Vss = Pin 8 
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14-BIT BINARY COUNTER 


The MC14020B 14-stage binary counter is constructed with MOS 
P.channel and N-channel enhancement mode devices in a single mon- 
olithic structure. This part is designed with an input wave shaping 
circuit and 14 stages of ripple-carry binary counter. The device 
advances the count on the negative-going edge of the clock pulse. 


Applications include time delay circuits, counter controls, and fre- 
quency-dividing circuits. 





Fully Static Operation 

Quiescent Current =5.0 nA/package typical @ 5 Vdc 
Noise Immunity = 45% of Vpp typical . 
Diode Protection on All Inputs 

Supply Voltage Range = 3.0 Vdc. to 18 Vdc 


Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated 
Temperature Range 


Low Input Capacitance = 5.0pF typical 

Buffered Outputs Available from stages 1 and 4 thru 14 
Common Reset Line 

13 MHz Typical Counting Rate @ Vpp = 15V 
Pin-for-Pin Replacement for CD4020 


MAXIMUM. RATINGS (Voltages referenced to Vgs) 









[symbol] Value] Unit] 
ee cs 





DC Supply Voltage 
Input Voltage, All Inputs 


OC Current Drain per Pin 







_ ~65 to +125 
-40 to +85 


Operating Temperature Range — AL Device - 
: CL/CP Device 


Storage Temperature Range 


LOGIC DIAGRAM 


Clock 10 9 


Q9 = Pin 12 
Q10 = Pin 14 
ai1 Pin 15 








MC14020B 


McMOS MSI 
(LOW-POWER COMPLEMENTARY MOS) 


14-BIT BINARY COUNTER 


lL SUFFIX 
CERAMIC PACKAGE 


CASE 620 


P SUFFIX 
PLASTIC PACKAGE 


CASE 648 













ORDERING INFORMATION 


MC14XXXB 


Suffix Denotes 
L L Ceramic Package 
P Plastic Package 


A Extended Operating | 
Temperature Range . 

C Limited Operating 

Temperature Range 


TRUTH TABLE 


=| 0 | _Nochense | 


Advance to next 
ee | 


X = Don’t Care: 





Vop = Pin 16 
Vsg = Pin 8 


MC14020B a: . ; 
ELECTRICAL CHARACTERISTICS 


Output Voltage “O” Level 
Vin= Vpp or 0 









| Tow* | 


[Min [Mex [Min |] 
0.08 0.05 
0.05 
0.05 


VOH 4.95 
a 9.95 
14.95 


— Vde 












et 
o 
o 


"1" Level 
Vin = 9 or Vpp 










Input Voltage* “0” Level 
(Vo = 4.5 or 0.5 Vde) 
(Vo =9.0 or 1.0 Vde) 
(Vo = 13.5 or 1.5 Vde) 

“1 Level] Vin 
(Vo = 0.5 or 4.5 Vde) 
(Vo = 1.0 or 9.0 Vdc) 
(Vo = 1.5 or 13.5 Vde) 
Output Drive Current (AL Device) 
(VOH * 2.5 Vde) Source 
(VOH = 4.6 Vae) 
(VoH = 9.5 Vde) 
(VoH # 13.5 Vde) 
(VoL = 04 Made) Sink 
(Vo. = 0.5 Vde) 
(Voy = 1.5 Vde) 


Output Drive Current (CL/CP Device) 
(VoH = 2.5 Vde) Source 
(Vou = 4.6 Vde) 

(VoH = 9.5 Vde) 

(VQOH = 13.5 Vde} 

(Voy = 0.4 Vde) Sink 
(VoL = 0.5 Vde) 
(VoL = 1.5 Vde) 


Input Current (AL Device) 
Input Current (CL/CP Device) 


Input Capacitance 
(Vin = 0) 










10H 


_ 
o 


























pooaoot [sor [=a ma 
oom | =03 | | #10 | nade | 


rept 


7 i. 
| 5 eels 

0.005 

0.010 

0.015 


Quiescent Current (AL Device) 150 uAdc 
{Per Package) .300 
: 600 | 
Quiescent Current (CL/CP Device) 20 0.005 150 uAdc, 
’ (Per Package) 40. 0.010 300 
80 0.015 600 










Total Supply Current* *t 
(Dynamic plus Quiescent, 
Per Package) 
(C,_ = 50 pF on all outputs, all 
buffers switching) 


*Tlow = -55°C for AL Device, -40°C for CL/CP Device. : : 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
#Noise immunity specified for worst-case input combination. 
Noise Margin for both “1° and “0” tevel = 1.0 Vde min@ Vpp = 5.0 Vde 
2.0 Vde min@ Vpp = 10 Vde 
2.5 Vde min @ Vop = 15 Vde 
tTo caiculate total supply current = toads other than-50 pF: 
IT (Cy) = 17 (50 pF) + 1x 10-3 (Cy -50) Voot 
"where: Ij is in #A (per package), C__ in pF, Vpp in Vde, and f in kHz is input frequency. 
**The formulas given are for the typical characteristics only at 25°C. - 


Ip = (0.42 wA/KH2) f + Ipp 
BIT = (0.85 HA/KHz2) f+ IDD 
I> = (1.43 HA/kKHz) f+ [pp 


= 2 
4 3 











‘ This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high im- 
Pedance circuit. For proper operation it is recommended that Vin and Voyt be constrained to the ee Vss < (Vin or Vout) 


€Vpp.- 
Unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vgc or Vpp). 
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SWITCHING CHARACTERISTICS* (c,_ = 50 pF, Ta = 25°C) 


Vppb AL CL/cP Typ a eee 
Symbol Vdc Device | Device | All Types se Device 


Characteristic | 

Output Rise Time 

ty = (3.0 ns/pF) CL +30 ns 

tp = (1.5 ns/pF) Cy +15 ns 

tp= (1.1 ns/pF) CL +10 ns 
Output Fall Time 

te = (1.5 ns/pF} Cy +25 ns 

t¢= (0.75 ns/pF) Cy +12.5 ns 

= (0.55 ns/pF) C_ +9.5 ns 
Propagation Delay Time 
Clock to Q1. 
tpHL. tpLH = (1.7 ns/pF) CL + 315 ns 


tPHL- tPLH = 
tPHL, tPLH = 


Clock to Q14 


tPHL, tPLH = 
tPHL: tPLH = 
tPHL: tPLH = 


(0.66 ns/pF) Cy + 137 ns 
(0.5 ns/pF) CL + 95 ns 


(1.7 ns/pF) Cy + 2715 ns 
(0.66 ns/pF) C, + 967 ns 
(0.5 ns/pF) Cy + 575 ns 


180 350 
90 150 
65 110 


'PLH- 
tPHL 


600 
255 
180 


Propagation-Delay Time TPHL 
Reset to Q, 
-  tpHL = (1.7 ns/pF) CL + 510 ns 

tpHL = (0.66 ns/pF) CL + 197 ns 

tPHL = (0.5 ns/pF) C_ + 155 ns 
Minimum Clock Pulse Width ; (ia 

Maximum Clock Pulse Frequency a 

Maximum Clock Rise and Fall Time feet 


Minimum Reset Pulse Width 





tr tf 


° 


175 
75 
55 


3000 3500 
775 900 
580 680 


335 
125 
95 


2500 3000 
.475 | 550 
355 420 


*The formula given is for the typical characteristics only. 


FIGURE 1 — POWER DISSIPATION TEST CIRCUIT AND FIGURE 2 — SWITCHING TIME. TEST CIRCUIT AND 
“WAVEFORM WAVEFORMS 


Pulse 
Generator 


Oo Voo 









0.01 WF 


T Ceramic 


Clock 





50% Duty Cycle 
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Mc14020B | | | 


FIGURE 3 — TIMING DIAGRAM 


8 16 32 64 128 256 512 1024 2048 4096 8192 16,384 


Clock -nnAnrirarirs ae ee ike Te ae ee Le 
Reset 
aaa a a ec 
Pa EO ag (Meg Wem crag May ds Sag Dee] Da a EP | Pee 
ijt ee See eo ee a Oe ae gle feat tf aed ee epee Sg ad 


Se Re eee ee, ee ae ee ee ee es ee 
I a te ee ee ee deen ees 


Cpe oe a PR ee de ee ee ot 
oe a a Fe es Mee a ae ees 
eee Se ee as eee 
Si i de ees ey 
Si he ee ee a 
(0 si a ee Dh eee 
ACS ace ee eS 
ON i a as eh ne 
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no TOROLA -MC14021B 


FOR COMPLETE DATA 


Semiconductors | SEE MeIaaiaG 


BOX 20912 . PHOENIX, ARIZONA 85036 





McMOS MSI 


(LOW-POWER COMPLEMENTARY MOS) 


1 


8-BIT STATIC SHIFT REGISTER 


The MC14014B and MC14021B 8-bit static shift registers are 
constructed with MOS P-channel and N-channel enhancement mode 
devices in a single monolithic structure. These shift registers find 
primary use in parallel-to-serial data conversion, synchronous and 
asynchronous parallel input, serial output data queueing; and other 
general purpose register. applications requiring low power and/or 
high noise immunity. 
® Quiescent Current = 5.0 nA/package typical @ 5 Vdc 
Synchronous Parallel Input/Serial Output (MC14014B) 
Asynchronous Parallel Input/Serial Output (MC14021B) 
Synchronous Serial Input/Serial Output 
Full Static Operation from DC to 7.0 MHz 
“Q” Outputs from Sixth, Seventh, and Eighth Stages 
Double Diode Input Protection 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load to Two HTL Loads Over the Rated Temper- 
ature Range. ; 
MC14014B Pin-for-Pin Replacement for CD4014 
MC 14021B Pin-for-Pin Replacement for CD4021 


8-BIT STATIC SHIFT REGISTER 


L SUFFIX P SUFFIX ; 
CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 620 CASE 648 — 


ORDERING INFORMATION 


MC14XXxB Suffix Denotes 


ke L Ceramic Package 
P Plastic Package 


A Extended Operating 
Temperature Range 

C Limited Operating 
Temperature Range 


TRUTH TABLE 


SERIAL OPERATION: 


| + exoer! os rs 

n uf Oo 
n+1]) Of Oo 
n+2 i?) 
n+3 i?) 


PARALLEL OPERATION: 


petock | os [PS [Om | “Om | 





MAXIMUM RATINGS (Voltages referenced to Vsg) ; 
DC Current Drain per Pin pot fs 10, |mAde | 


Operating Temperature Range — AL Device -55 to +125 % 
-40 to +85 


~  CL/CP Device ‘ : 
LOGIC DIAGRAM 




















*Q6, Q7, & QS are available externally 
X = Don't Care : 





Voo = Pin 16 P4=Pin 4 
Vss = Pin 8 PS = Pin 13 
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OCTAL COUNTER/DRIVER McMOS MSI 


The MC140228 is a four-stage Johnson octal counter with built-in ; 
code converter, High-speed operation and spike-free outputs are ob- (LOW-POWER COMPLEMENTARY MOS) 
tained by use of a Johnson octal counter design. The eight decoded OCTAL.COUNTER/DIVIDER 


outputs are normaily low, and go high only at their appropriate octal 
1 4 





_ time. period. The output changes occur on the positive-going edge of 
the clock pulse. This part can be used in frequency division appli- 
cations as well as octal counter or octal decode display applications. 

Fully Static Operation 

DC Ciock Input Circuit Allows Slow Rise Times 

Carry Out Output for Cascading 

12 MHz (typical) Operation @ Vpp = 10 Vdc 

Divide-by-N Counting 

Quiescent Current = 5.0 nA/package Typical @ 5 Vdc 

Supply Voltage Range = 3.0 Vdc to 18 Vdc 

Capable of Driving Two Low-power TTL Loads, One Low-power - 

Schottky TTL Load or Two HTL Loads Over the Rated Temper- 

ature Range 

Pin-for-Pin Replacement for CD4022 


L SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 620 CASE 648 


ORDERING INFORMATION 


MC14XXXB Suffix Denotes 


, a Ceramic Package 
Plastic Package 


Extended Operating 

Temperature Range 
C Limited Operating 

Temperature Range 





MAXIMUM RATINGS (Voltages referenced to Vgs) ; 


ating 
Vac 

Vin 
Dc Current Brain perPin SSS} [10 ~~ mace | 


Operating Temperature Range — AL Device Ta -55 to +125 °c 
CL/CP Device ; -40 to +85 


_ | Storage Temperature Range -65. to +150 













FUNCTIONAL TRUTH TABLE 
(Positive Logic) 


CLOCK : 
CLOCK ENABLE RESET | OUTPUT=n 
J n 


x ie) 





0 
xX 1 on 
S_ ie) n+1 
o NaS, x 
1 —™ 
x —/ 
Xx x 


X = Don’t Care If n< 4 Carry = 1, Otherwise = 0 


BLOCK DIAGRAM 


Clock 14 


Nw Q = N 


Clock 


Enable 13 


Reset 15 


Vop = Pin 16 
Vsg =Pin8 
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ELECTRICAL CHARACTERISTICS 


Characteristic 


Output Voltage: “0” Level 
Vin = Vop or 0 


“1” Level 


Vin = O0or Vpp 


input Voltage* 0" Level 
(Vo = 4.5 or 0.5 Vdc) 
(Vg = 9.0 or 1.0 Vdc) 
(Vo = 13.5 or 1.5 Vde) 
“1” Level 
(Vo = 0.5 or 4.5 Vde) 
(Vo = 1.0 or 9.0 Vde) 
_ (Vo = 1.5 or 13.5 Vde) 
Output Drive Current {AL Device) 
(VOH = 2.5 Vde) Source 
(VoH = 4.6 Vde) 
(VoH = 9.5 Vde) 
(VoH = 13.5 Vdc) 
(VoL = 0.4 Vde) 
(Voc. = 0.5 Vde) 
(Voy = 1.5 Vde} 
Output Drive Current (CL/CP Device) 
(VOH = 2.5 Vde) Source 
(VOH = 4.6 Vde) 
(VOH = 9.5 Vde) 
(Vou = 13.5 Vdc) : . 
(Vote = 0.4 Vde) Sink F 0.88 0.36 
(VoL = 0.5 Vde) : 2.25 0.9 
(VoL = 1.5 Vde) : 8. 


Input Current (AL Device) : +0.00001 
. [Input Current (CL/CP Device) +0.00001 


8 2.4 
ee | 
ae 
Input Capacitance i 75 
(Vin = 0) 
Quiescent Current (AL Device) : 0.005 5.0 150 
(Per Package} 0.010 10 300 


Quiescent Current (CL/CP Device) 0.005 20 150 
(Per Package) 0.010 40 
0.015 80 


300 
600 
Total Supply Current**t : : : Ip = (0.28 wA/KH2) f + Ipp 
(Dynamic plus Quiescent, I7 = (0.56 pA/kHz) f + Ipp 
Per Package) : I7 = (0.85 uA/kHz) f +'!DD 
(Cy = 50 pF on all outputs, all . 0 
buffers switching) 





*Tiow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
#Noise immunity specified for worst-case input combination. 
Noise Margin for both “1” and “0” tevel = 1.0 Vdc min@ Vpp = 5.0 Vde 
: 2.0 Vde min@ Vop = 10 Vde 
2.5 Vde min @ Vpop = 15 Vde 
tTo calculate total supply current at loads other than 50 pF: 
Ip(C_) = 17(50 pF) + 1.25 x 1079 (Cy —50) Vopf 
where: I+ is in uA (per package), Cy_in pF, Vpp in Vde, and fin kHz is input frequency. 
**The formulas given are for the typical characteristics only at 25°C. 










This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high im- 
pedance circuit. For proper operation it is recommended that Vip, and Voy be constrained to the range Vsg < (Vin or Vout) 
<= Vpp. ae 

Unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vsg or Vpp). 
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MC14022B : : 


SWITCHING CHARACTERISTICS* (c,_ = 50 pF, Ta = 25°C) 


Vpp = Typ = 
Characteristic Symbol Vde pasts Device | All Types aed Device 
Output Rise Time 
ty = (3.0 ns/pF) Cy + 30 ns 180 400 
ty = (1.5 ns/pF) Cy + 15 ns 90 200 
t, = (1.1 ns/pF) Cy + 10 ns 65 160 
Output Fall Time 
te = (1.5 ns/pF) CL + 25 ns 100 175 
tz = (0.75 ns/pF) CL + 12.5 ns 50 75 
te = (0.55 ns/pF) C, + 9.5 ns 37 . $5 


Propagation Delay Time 
Reset to Decode Output 
tPLH.tPHL = (1.7 ns/pF) Cy + 415 ns 500 
tPLH-tPHL = (0.66 ns/pF) Cy + 197 ns 230 
tPLH.tPHL = (0.5 ns/pF) Cy. + 115 ns 140 
Propagation Delay Time 
Clock to Coyt 
tPLH-tPHL = (1.7 ns/pF) Cy +315 ns 
tpLH.tpHL = (0.66 ns/pF) Cy + 117 ns 
tpLH tpHL = (0.5 ns/pF) Cy + 75 ns 
Propagation Detay Time 
Clock to Decode Output 
tPLH CPHL = (1.7 ns/pF) Cy + 415 ns 
tpLH.teHL = (0.66 ns/pF) Cy + 197 ns 
tPLH tpHL = (0.5 ns/pF) Cy + 115 ns 
Turn-Off Delay Time 
Reset to Cout 
tPLH = (1.7 ns/pF) Cy +315 ns 
tpLH = (0.66 ns/pF) Cy + 117 ns 
tpLH = (0.5 ns/pF) CL + 75 ns 
Minimum Clock Pulse Width 


Maximum Clock Frequency 


Minimum Reset Pulse Width 


Reset Removal Time 
Maximum Clock Input Rise and Fall Time 
Clock Enable Setup Time 


Clock Enable Release Time 





*The formula given is for the typical characteristics only. 
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FIGURE 1 — TYPICAL OUTPUT SOURCE AND OUTPUT SINK 
CHARACTERISTICS TEST CIRCUIT 


Vout 


Output Output 
‘| Sink Drive } Source Drive 
Clock to desired 
Output 
(S1 to A) ($1 to B) 
: ~ 1 Clock to Q5 
Carry thru Q7 SI1tOA : 
: ($1 to B) 


External Vout -Voo 


Power 
Supply ; 


FIGURE 2 ~ TYPICAL POWER DISSIPATION 
TEST CIRCUIT 


('o) ci 0.01 uF 


Ceramic 


Clock Enable 


Pulse fc 
Generator 





APPLICATIONS INFORMATION 
Figure 3 shows a technique for extending the number of decoded output states for the 
MC14022B. Decoded outputs are sequential within each stage and from stage to stage, with no 
' dead time (except propagation delay). 


FIGURE 3 — COUNTER EXPANSION 


R R R 
c 
4022 MC14022B 
ce Mc140228 doe MC14022B ce 


Q0.Qie « «Q6Q7 Q0Q1¢ « « O6 Q7 Qt ee e Q6Q07 


- 6 Decoded 
7 Decoded: 6 Decoded Outputs 
Outputs © Outputs i 





First Stage intermediate Stages Last Stage 


(A) MOTOROLA Semiconductor Products Inc. 


5-68 


MC 14022B 
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TRIPLE 3-INPUT “NAND” GATE 


The MC14023 and MC14023B are constructed with P and N channel 
enhancement mode devices in a single monolithic structure (Comple- 
mentary MOS). Their primary use is where low power dissipation 
and/or high noise immunity is desired. 


Quiescent Current = 0.5 nA typ/pkg @ 5 Vde 
Noise Immunity = 45% of Vpp typ 

Supply Voltage Range = 3.0 Vdc to 18 Vdc 
All Outputs Buffered (MC14023B only) 


Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range. (MC14023B only) 


Double Diode Protection on All! Inputs 
Pin-for-Pin Replacements for CD4023A and CD4023B 





MAXIMUM. RATINGS (Voltages referenced to Vsg) 


in 
Operating Temperature Range - AL Device Ta -55 to +125 
CL/CP Device -40 to +85. 
T 


Storage Temperature Range | -65 to +150 





Yoo 9 14 CIRCUIT SCHEMATICS 


(1/3 of Device Shown) 
“4 ~O 6,9, 10 


MC14023 











J 

Vss | ae a 
This device contains circuitry to protect the inputs against damage due operation it is recommended that Vip, and Voyz be constrained to the 
to high static voltages or electric fields; however, it is advised that nor- range Vss < (Vin OF Vout) S Vop- 


mal precautions be taken to avoid application of any voltage higher than Unused inputs must always be tied to an appropriate logic voltage level 
maximum rated voltages to this high impedance circuit. For proper = (e:g., either Vgg or Vpp).- 
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MC14023 
MC14023B 


McMOS SSI 


(LOW-POWER COMPLEMENTARY MOS) 


TRIPLE 3-INPUT “NAND” GATE 


L SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 632 CASE 646 


ORDERING INFORMATION 
MC14XXXB Suffix Denotes 


L tL Ceramic Package ~-. 
Delete for P Plastic Package 
Non-B Device A Extended Operating 


Temperature Range 
Limited Operating 
Temperature Range 








LOGIC DIAGRAM 


9 


Vop = Pin 14 
Vss = Pin7 


MC14023B 


MOTOROLA | 
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SEVEN STAGE RIPPLE COUNTER 


The MC14024B is a seven stage ripple counter with short propa- 
gation delays and high maximum clock rates. The Reset input has 
standard noise immunity (typically 45% of Vpp), however the 
Clock input has a typical noise immunity of 70% of Vpp with no 


maximum Clock input rise or fall time. The output of each counter 
stage is buffered. . 
Quiescent Current =5.0 nA/package typical @ 5 Vdc 
Noise Immunity = 45% of Vpp typical 
Diode Protection on All Inputs 
Output Transitions Occur on the Falling Edge of the Clock Pulse 
8-MHz Operation @ Vpp = 10 Vdc typical 
Exceedingly Slow Input Transition Rates may be Applied to the 
Clock Input 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range 
Pin-for-Pin Replacement for CD4024 





MAXIMUM RATINGS (Voltages referenced to Vss) 


[Rating Sd: Smo] Value [Unit 
[Oc Current Drain per Pin SC‘ CY _i' 










Operating Temperature Range — AL Device -55 to +125 
CL/CP Device -40 to +85 


LOGIC DIAGRAM 


reads | 





Storage Temperature Range 


41 
Q2 


Q3 = Ping 
" Q4=Pin6 
O5 = Pin5 
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MC14024B 


McMOS SSI 


(LOW-POWER COMPLEMENTARY MOS) 


SEVEN STAGE 
-RIPPLE COUNTER 


L SUFFIX 
CERAMIC PACKAGE 


CASE 632 


P SUFFIX. 
PLASTIC PACKAGE 


CASE 646 
ORDERING INFORMATION 


Suffix Denotes 


L - Ceramic Package 
Plastic Package 


Extended Operating 
Temperature Range 
Limited Operating 

Temperature Range 


MC14XXXB 


PIN ASSIGNMENT 


Vop = Pin 14 
Vsgs =Pin 7 


NC = No Connection 





Output Voltage 
Vin > Vop or 0 


“4 Level 
-0orVpp : . 


Input Voltage* “O" Level 
(Vo = 4.5 or 0.5 Vdc) 
(Vo =.9.0 or 1.0 Vdc) 
(Vo = 13.5 or 1.5 Vdc) 
“1” Level 
(Vo = 0.5 or 4.5 Vde) 
(Vo = 1.0 or 9.0 Vde) 
(Vo =1.50r 13.5 Vdc) * 


Output Drive Current (AL Device) 

(VoH = 2.5 Vde) Source 
 (VoH = 4.6 Vde) 

(VoH = 9.5 Vdc) 
(VOH = 13.5 Vdc) - 
{VoL = 0.4 Vde) Sink 
(Voz- = 0.5 Vdc) 
(VoL = 1.5 Vde) 


Output Drive Current (CL/CP Device) 
(VOH = 2.5 Vde) Source 
(VoH = 4.6 Vdc) . 
(VoH = 9.5 Vdc) 
(VoH = 13.5 Vde) 
(Vo = 0.4 Vdc) 
(VoL = 0.5 Vde) 
(Vo_ = 1.5: Vde) 
Ltn s_| 
a 


Input Current (AL Device) 


Input Current (CL/CP Device) 


Input Capacitance 
(Vin = 0) 

Quiescent Current (AL Device) 
(Per Package) 


a LL 
Se St NL a 





Quiescent Current (CL/CP Device) 
(Per Package) 


Total Supply Current**t 
(Dynamic plus Quiescent, 
Per Package) 
(C_ = 50 pF on all outputs, all 
buffers switching) 


i7 =(0.31. wA/kHz) f+ Iipp 
_ ly =(0.60 uA/kKH2z).f + IpD 
ly =(0.89 wA/kHz) f+ IDD 





» *Tiow = -85°C for AL Device, -40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
=Noise immunity specified for worst-case input combination. 
Noise Margin for both "1" and * ‘O” level = 1.0 Vde min@ Vpp = 5.0 Vdc 
2.0 Vde min@ Vpp = 10 Vde 
2.5 Vde min@ Vpp = 15 Vdc. 
tTo calculate total. supply current at loads other than 50 pF: 
iz(C_) = 17150 pF) + 1 x 10-3 (Cy -50) Vppft 
where: IT is in uA (per package), CL in pF, Vpp in Vde, and f in kHz is input frequency. 
**The formulas given are for the typical ‘characteristics only at 25°C. . 


This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is ad-. 
. vised that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high im- 


‘pedance circuit. For proper operation it is recommended that Vin. and Vous be constrained to the range Vss < (Vin or Vout) 
<Vpp. 


Unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vss 0 or Vpp). 
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aera ro Typ 
Characteristic Device | All Types ats a 


Output Rise Time 
ty = (3.0 ns/pF) Cy, + 30 ns : en 
tp = (1.5 ns/pF) Cy + 15 ns 
te = (1.1 ns/pF) CL +10ns 


Output Fall Time 
te = (1.5 ns/pF) Cy + 25 ns 175 
te = (0.75 ns/pF) Cy + 12.5 ns 75 
- te = (0.55 ns/pF) C_ + 9.5 ns 55 


Propagation Delay Time 
Clock to Q1 
tpLH. tPpHL = (1.7 ns/pF) Cy + 295 ns 
tPLH. tere = (0.66 ns/pF) Cy + 117 ns 
tpLH. tpHL = (0.5 ns/pF) CL + 85 ns 
Clock to Q7 
“tPLH. tpHL = (1.7 ns/pF) CL +915 ns 
teLH. tpHL = (0.66 ns/pF) Cy + 367 ns 
tPLH. tpHL = (0.5 ns/pF) CL + 275 ns 
Reset to Qy 
‘tPLH. tpHL = (1.7 ns/pF) Cr + 415 ns 
tPLH. tpHL = (0.66 ns/pF) Cy + 217 ns 
tPLH. tpHL = (0.5 ns/pF) Cy + 155 ns 


| Minimum Reset Pulse Width 
Reset Removal Time 


Maximum Clock Input Rise and Fail Times 


f 


Maximum Input Pulse Frequency 0 
He 
; 4.0 


*The formula given is for the typical characteristics only. 


Limit. 





TRUTH TABLE 


RESET STATE 


3 
, 





§ 
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Mc 140248 - ee ; 


FIGURE 1 — TYPICAL OUTPUT SOURCE FIGURE 2 — TYPICAL OUTPUT SINK 
CHARACTERISTICS TEST CIRCUIT CHARACTERISTICS TEST CIRCUIT 


External External 
Power Power 
Supply - Supply 


Count Q, toa 
logic ‘’1°" level. 





FIGURE 3 — POWER DISSIPATION TEST CIRCUIT 


Vop 


500 YF | 







Pulse 
Generator 
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MOTOROLA. 
Semiconductors 


BOX 20912 .« PHOENIX, ARIZONA 85036 


MC14025 
MC14025B 


‘McMOS SSI 


(LOW-POWER COMPLEMENTARY MOS) 


TRIPLE 3-INPUT “NOR” GATE 


The MC14025 and MC14025B are constructed with P and N channel 
enhancement mode devices in a single monolithic structure (Comple- 
mentary MOS). Their primary use is where low power dissipation 
and/or high noise immunity is desired. 


“TRIPLE 3-INPUT “NOR” GATE 


5 , : 
14 14 
1 1 





Quiescent Current =.0.5 nA typ/pkg @ 5 Vdc 
® Noise Immunity = 45% of Vpp typ 
_Supply Voltage Range = 3.0 Vdc to 18 Vde 
All Outputs Buffered (MC14025B only): 





Capable of Driving Two Low-power TTL Loads, One Low-power L SUFFIX P SUFFIX 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- CERAMIC PACKAGE PLASTIC PACKAGE 
ature Range. (MC14025B only) CASE 632 CASE 646 





ORDERING INFORMATION 
MC14XX XB Suffix . Denotes 


LE Ceramic Package 
Delete for Plastic Package’. 
Non-B Device Extended Operating 


Double Diode Protection on All Inputs 
Pin-for-Pin Replacements for CD4025A and CD4025B 
















Temperature Range | 
Limited Operating 
Temperature Range 


MAXIMUM RATINGS (Voltages referenced to Vgs) 
Pt Rating dT Symbot Value | unit 


Input Voltage, All Inputs -0.5 to Vop +05 
DC Gurrent Drain per Fin ieee ane NS A 


Operating Temperature Range - AL Device ~55 to +125 
CLICP Device ~40 to +85 


Siecose Temperature Range ~65 to +150 | oC 












' LOGIC DIAGRAM 






CIRCUIT SCHEMATICS 


MC14025 “hes (1/3 of Device Shown) | MC14025B 


1,3,1 1 


2,4,12 


This device contains circuitry to protect the inputs against damage due operation it is recommended that Vip, and Vout be constrained to the 
to high static voltages or electric fields; however, it is advised that nor- range Vgg S (Vin OF Vour) S VDD. - - 

mal precautions be taken to avoid application of any voltage higher than Unused inputs must always be tied to an appropriate togic voltage level 
maximum rated voitages to this high impedance circuit. For proper (e.g., either Vgsg or Vop). 





MOTOROLA 
Semiconductors | MC14027 B 


BOX 20912 6 PHOENIX, ARIZONA 85036 


DUAL J-K FLIP-FLOP 


The MC14027B dual J-K flip-flop has independent J, K, Clock McMOS SSI 
(C), Set (S) and Reset (R) inputs for each flip-flop. These devices . (LOW-POWER COMPLEMENTARY MOS) 
‘may be used in control, register, or toggle functions. 
mutoseet herent = 2.0 nA/package typical @ 5 Vdc DUAL J-K ELIP-FLOP 
Noise Immunity = 45% of Vpp typical 
Diode Protection on All Inputs 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 
Single Supply Operation — Positive or Negative 
Toggle Rate = 3.0 MHz typical @ 5 Vdc 
Logic Swing Independent of Fanout ; 

Logic Edge-Clocked Flip-Flop Design — . 
Logic state is rétained indefinitely with clock level either high or’ 


low; information is transferred to the output only on the positive- . 
going edge of the clock pulse : L SUFFIX P SUFFIX 


Capable of Driving Two Low-power TTL Loads, One Low-power CERAMIC EAE RAGE DEP TGEACKARS 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- CASE 620 CASE 648 


ature Range ORDERING INFORMATION 
Pin-for-Pin Replacement for CD4027 


MC14XXXB Suffix Oenotes 


[e L Ceramic Package 
P Plastic Package 


DC Supply Voltage. A Extended, Operating 


Input Voltage, All Inputs ; -0.5 to Vpp + 0.5 Vdc . Z Temperature Range 


; : Limited Operating 
DC Current Drain per Pin Téemiperature-Range 





Operating Temperature Range — AL Device Ta -§5 to +125 % 5 
CL/CP Device -40 to +85 : 


Storage Temperature Range 


BLOCK DIAGRAM 


| R_ | On¥ | On+1] Qns| 
po} 1 to] 


No Change 


-X = Don’t Care 
t = Level Change 
£ = Present State 
*= Next State 


This device contains circuitry to protect the inputs. against damage due to high 
static voltages or electric fields; however, it is advised that normal precautions be 
taken to avoid application of any voltage higher than maximum rated voltages to 
this high impedance circuit. For proper operation it is recommended that Vip, and 
Vout be constrained to the range Vsg < (Vin or Vout) < Vop- 

Unused inputs must always be tied to.an appropriate fogic voitage level (e.g., 
either Vsg or Vpp). 


Vop = Pin 16 
Vssg = Pin8 





MC14027B | 3 


ELECTRICAL CAERACTERISHES: 


se 
Output Voltage “O"' Level 
Vin = Vpp or 0 


“1 Level 
Vin = Qor Vpp 


Input Voltage* . "0" Level 
(Vo = 4.5 or 0.5 Vdc) 
(VQ = 9.0 or 1.0 Vde) 
(Vo = 13.5 or 1.5 Vde) 


5.0 
10 
15 

“1” Level 

(Vo = 0.5 or 4.5 Vdc) 

(Vo = 1.0 or 9.0 Vdc) 

(Vo = 1.5 or 13.5 Vde) 


5.0 
10 
15 

Output Drive Current (AL Device) 

(VOH = 2.5 Vdc) Source 
(VOH = 4.6 Vdc) 

(VOH = 9.5 Vde) 

(VOH = 13.5 Vdc) 

(VoL = 0.4 Vdc) 

(VoL = 0.5 Vde) 

(VoL = 1.5 Vde) 


Output Drive Current (CL/CP Device) 
(VOH = 2.5 Vde} Source 
(VoH = 4.6 Vdc) 
(VOH = 9.5 Vde) 
(VQH = 13.5 Vde) 
ie 
ge 


5.0 
5.0 
10 
15 


5.0 


0.44 0.88 
Ve : = 


(VoL = 0.4 Vdc) 
(VOL = 0.5 Vdc) 
(VoL = 1.5 Vdc) 


Input Current (AL Device) 
Input Current (CL/CP Device) 


Input Capacitance 
(Vin = 0) 

Quiescent Current (AL Device) 
(Per Package) 


eee 

en ie 
1.0 
2.0 


ly = (0.80 wA/KHz) f + ipp 
= (1.60 HA/kKH2) f+ Ipp 
iy = (2.40 uA/kHz) f+ Ipp 


15 +0.1 
15 +03 


Quiescent Current (CL/CP Device) 
(Per Package) 


aral&N > : 
ooljooco 


Total Supply Current* *t 
(Dynamic plus Quiescent, 
Per Package) 
(C, = 50 pF on all outputs, all 
buffers switching) 





*Tiow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
#Noise immunity specified for worst-case input combination. 
Noise Margin for both “1° and “0” level = 1.0 Vde min@ Vpp = 5.0 Vdc 
2.0 Vde min @ Vpp = 10 Vde 
2.5 Vde min @ Vpp = 15 Vde 
tTo calculate total supply current at loads other than 50 pF: 
I7(C_) = (50 pF) + 2x 10-3 (C, -50) Vpopf 
where: IT is in wA (per package), C_ in pF, Vpp in Vde, and f in kHz is input frequency. 
**The formulas given are for the typical choractaristics only at 25°C. 
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_MC14027B ; . 


SWITCHING CHARACTERISTICS* (Cc, =50 pF, Tg = 25°C) 


— Typ cS 
Characteristic Symbol Vpp rari Device All Types Ee cS 
Output Rise Time , 


ty = (3.0 ns/pF) Cy + 30 ns 360 360 
tr = (1.5 ns/pF) CL + 15 ns 180 180 
= (1.1 ns/pF) Cy + 10 ns 65 130 130 


Output Fali Time ; 
te = (1.5 ns/pF) Cy +25 ns 200 200 
t¢ = (0.75 ns/pF) Cy + 12.5 ns 100 100 
t¢ = (0.55 ns/pF) Cy + 12.5ns  - 80 80 


Propagation Delay Time 

Clock to Q 
tpLH. tpHL = (1.7 ns/pF) Cy +90 ns 
tPLH. tPpHL = (0.66 ns/pF) C, + 42 ns 
tPLH. tpHL = (0.5 ns/pF) Cy + 25 ns 

Set to 
tPLH. tpHL = (1.7 ns/pF) CL +90 ns 
tPLH. tPpHL = (0.66 ns/pF) Cy + 42 ns 
tpLH. tpHz. = (0.5 ns/pF) C_ + 25 ns 

Reset to 0 
tPLH. tPHL = (1.7 ns/pF) Cy + 265 ns 
tpLH. tpHL = (0.66 ns/pF) Cy + 67 ns 
tPLH:; tpHL = (0.5 ns/pF) Cy + 50 ns 


Minimum Setup Times 

tsetup L 
Minimum Clock Pulse Width 
Maximum Clock Pulse Frequency 


Maximum Clock Pulse Rise and Fall Time 


Minimum Set and Reset Pulse Width 





*The formula given is for the typical characteristics only. 
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-MC14027B 





FIGURE 1 — DYNAMIC SIGNAL WAVEFORMS ~ FIGURE 2 ~ DYNAMIC SIGNAL WAVEFORMS 
(J, K, Clock, and Output) (Set, Reset, and Output) 
20 ns 20 ns 








Inputs J and K low. 





inputs R and S low. 
For the measurement of PWc, PRF, and Pp 
the Inputs J and K are kept high. 


LOGIC DIAGRAM 
(1/2 of Device Shown) 
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MOTOROLA | 
Semiconductors | MC14028B 


BOX 20912 46 PHOENIX, ARIZONA 85036 


BCD-TO-DECIMAL DECODER McMOS MSI 
BINARY-TO-OCTAL DECODER 


The MC 14028B decoder is constructed so that.an 8421 BCD code 
on the four inputs provides a decimal (one-of-ten) decoded output, ; 
while a 3-bit binary input provides a decoded octal (one-of-eight) BCD-TO-DECIMAL DECODER 
code output with D forced to a logic “0”. Expanded decoding such BINARY-TO-OCTAL DECODER 
as binary-to-hexadecimal (one-of-16), etc., can be achieved by using 
other MC14028B devices. The part is useful for code conversion, ad- ‘ 


dress decoding, memory selection control, demultiplexing, or read- 
1 : 1 


out decoding. 
L SUFFIX P SUFFIX 
CERAMIC PACKAGE = PLASTIC PACKAGE 
CASE 620 CASE 648 


(LOW-POWER COMPLEMENTARY MOS) 





® Diode Protection on All Inputs 
Noise Immunity = 45% of Vpp typical 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


Capable of Driving Two Low-power TTL Loads, One Low-power — 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range 


Positive Logic Design 

Quiescent Current 5.0 nA /package typical @ 5 Vdc 
Low Outputs on All Illegal Input Combinations 
Pin-for-Pin Replacement for CD4028. . 


ORDERING INFORMATION 


MC14XXXB Suffix Denotes — 


; ie Ceramic Package 
Plastic Package 
- Extended Operating 
Temperature Range 
Limited Operating 


Temperature Range 





MAXIMUM. RATINGS (Voitages referenced to Vg) ; 


Rating 
DC Supply Voltage Vop 
Input Voltage, All Inputs .v 
OC Current Drain per Pin : Pot f 10 made | 
Operating Temperature Range — AL Device -55 to +125 °c 
CL/CP Device ~40 to +85 : 


Storage Temperature Range -65 to +150 






TRUTH TABLE 


OUTPUT 
80706 0504030201 


BLOCK DIAGRAM 


1) 
e) 
2) 
Q 


0 


= 
> 


3-Bit 
Binary 


8421 - Inputs 
8CD 


Inputs 


Octal : 

Decoded | Decimal 

Outputs Decoded 
Outputs 


2 
15 
1 
6 
= 
4 
9 
5 


Baar amatarawr wr wmiOQgoaoioo0da 


ecoeocjoceoi|occo|ocoo = 


Vop = Pin 16 
Vssg = Pin8 
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Mc140288 | | 


Output Voltage 
Vin Vpp ord 


"1" Level 
Vin OorVpp 


Input Voltage* “O" Level 
(Vo = 4.5 or 0.5 Vdc) 
(Vo = 9.0 or 1.0 Vde) 
(Vo = 13.5 or 1.5 Vde) 
“1” Level 
(Vo = 0.5 or 4.5 Vdc) 
(Vo = 1.0 or 9.0 Vdc) 
(VO = 1.5 or 13.5 Vde) 


Output Drive Current (AL Device) 
(VOH = 2.5 Vde) Source 
(VOH = 4.6 Vde) 
(VOH = 9.5 Vde) 
(VOH = 13.5 Vde) 
(VOL = 0.4 Vdc) Sink 
(VoL = 0.5 Vde) 

(VoL = 1.5 Vde) 


Output Drive Current (CL/CP Device) 
(VOH = 2.5 Vde) Source 
(VoH = 4.6 Vdc) 

(VOH = 9.5 Vdc) 
(VoH = 13.5 Vdc) 
(VOL = 0.4 Vdc) Sink 0.88 
(VoL = 0.5 Vde) ; 2.25 
AVOL = 1.5 Vde) 6. 8.8. 
5.0 


’ 


Input Current (AL Device) +0. +0.00001 
+0 +0.00001; +03 - 


Input Capacitance. 

; (Vin = 0) 

Quiescent Current (AL Device) 
(Per Package) 


Quiescent Current (CL/CP Device} 
(Per Package) 


Total Supply Current* *t ; ; Ip ={0.3 wA/kKHz) f+ Ipp 
(Dynamic plus Quiescent, It = (0.6 HA/KHz) f+ Ipp 

Per Package) , ; Iy = (0.9 #A/kHz) f+ Ipp 

{CL = 50 pF on all outputs, all 

buffers switching} 





*Tlow = -55°C for AL Device, -40°C. for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
#Noise immunity specified for worst-case input combination. 
Noise Margin for both "1" and “0” level = 1.0 Vdc min@ Vpp = 5.0 Vde 
2.0 Vde min@ Vpp = 10 Vdc 
2.5 Vde min@ Vpp = 15 Vde 
tTo calculate total supply current at loads other than-50 pF: 
IT(C_) = 17(50 pF) + 1 x 10-3 (CL -50). Vppft 
where: I7 is in wA (per package), C_ in pF, Vpp in Vdc, and f in kHz is input frequency. 
**The formulas given are for the typical characteristics only at 25°C. 
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MC 140288 : : 


SWITCHING CHARACTERISTICS®* (c, = 50 pF, Ta = 25°C) 


Typ - AL cL/cP 
All Types Device Device 
Output Rise Time ° 
te = (3.0 ns/pF) Cy +30 ns 5.0 350 
ty = (1.8 ns/pF) Cy + 15 ns 10 150 
tr = (1.1 ns/pF) Cr +10 ns ; 15 110 


Output Fall Time 
te = (1.5 ns/pF) CL + 25 ns 175 
te = (0.75 ns/pF) Cy + 12.5 ns 
tf = (0.55 ns/pF) Cy + 9.5 ns 


7 
55 

Propagation Delay Time 
tPLH. tPHL = (1.7 ns/pF) Cy + 215 ns ; 480 
teLH. tpHL = (0.66 ns/pF) Cy +97 ns 200 
tPLH. tPHL = (0.5 ns/pF) Cy + 65 ns 140 


“The formula given is for the typical characteristics only. 





FIGURE 1 — DYNAMIC SIGNAL WAVEFORMS 


Inputs B, C, and O Alt outputs connected , 

switching in respect . to respective C, loads. 

to a BCD code. f in respect to a system — 
——— ctock. 


inputs A, B, and DO tow. 








This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high im- 
pedance circuit. For proper operation it is recommended that Vin and Vout be constrained to the range Vsg < (Vin or Vout) 
<Vpp. ; 


Unused inputs must always be tied to an appropriate togic voltage level (e.g., either Vgc or Vpp). 
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_| MC14028B a 


LOGIC DIAGRAM 





APPLICATION INFORMATION 


Expanded decoding can be performed by using the 
MC 14028B and other McMOS Integrated Circuits. The cir- 
cuits in Figure 2 converts any 4-bit code to a decimal or 
hexadecimal code. The accompanying table shows the 
input binary combinations, the associated ‘output num- 
bers” that go “high” when selected, and the “redefined 
output numbers’ needed for the proper code. For ex- 
ample: For the combination DCBA = 0111 the output 
number 7 is-redefined for the 4-bit binary, 4-bit gray, ex- 
cess-3, or excess-3 gray codes as 7, 5, 4, or 2, respectively. 
Figure 3 shows a 6-bit binary 1-of-64 decoder using nine 
MC14028B circuits and two MC14069B inverters. 

The MC14028B can be used in decimal digit displays, 
such as, neon readouts or incandescent projection indi- 
cators as shown in Figure 4. 


FIGURE 2 — CODE CONVERSION CIRCUIT 
AND TRUTH TABLE 

























Output Numbers 


CODE AND REDEFINED 
OUTPUT NUMBERS 
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FIGURE 3 — SIX-BIT BINARY 1-OF-64 DECODER 


Inputs 


Inhibit 


A BCOoO A.B CD 
MC14028B MC14028B 


64 Outputs (Selected Output is High) 





7 


FIGURE 4 — DECIMAL DIGIT DISPLAY APPLICATION 


Appropriate 3 , Appropriate 
Voltage ; Voltage 
Incandescent 
Display 


MC14028B 


Circuit diagrams utilizing Motorola products are inciuded as a means is believed to be entirely reliable. However, no responsibility is 
of illustrating typical semiconductor applications; consequently, assumed for inaccuracies. Furthermore, such information does not 
complete information sufficient for construction purposes is not convey to the purchaser of the semiconductor devices described any 
necessarily given. The information has been carefully checked and license under the patent rights of Motorola Inc. or others. : 


i 





(AA) MOTOROLA Semiconductor Products Inc. 


5-85 


MC14032B 


MOTOROLA 
Semiconductors 


BOX 20912 6 PHOENIX, ARIZONA 85036 


MC14038B 


McMOS MSI 


{LOW-POWER COMPLEMENTARY MOS) 
TRIPLE SERIAL ADDERS 








TRIPLE SERIAL ADDERS 


Positive Logic — MC14032B 


The MC14032B and MC14038B triple serial adders have the clock Negative Logic — MC14038B 


and carry reset inputs common to all three adders. The carry is 
added on the positive-going clock transition for the MC14032B, and 
on the negative-going clock transition for the MC14038B. Typical 


applications include serial arithmetic units, digital correlators, digital 
servo control systems, datalink computers, and flight control 
computers. 


Static Operation from de to 5.0 MHz 

Buffered Outputs 

Single-Phase Clocking 

Quiescent Current = 5.0 nA/package typical @ 5 Vde 
Supply Voltage Range = 3.0 Vdc to 18 Vde 


Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Tempera- 
_ture Range. 


Pin-for-Pin Replacement for CD4032 and CD4038 


L SUFFIX : P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 


CASE 620 CASE 648 


ORDERING INFORMATION 


MC14XXXB Suffix Denotes 


im tL Ceramic Package 
P Plastic Package 


A Extended Operating 

MAXIMUM RATINGS (Voltages referenced to Vs) ; Temperature Range 

- C Limited Operating 
Temperature Range 





BLOCK DIAGRAM 


Operating Temperature Range — AL Device TA -§5 to +125 2 a Al 100 
CL/CP Device -40 to +85 B1 110 


5 Invert 1 70 


A2 130 
B2 12 
This device contains circuitry to protect the inputs against damage due to high Invert 2. 5 
static voltages or electric fields; however, it is advised that norma! precautions be 
taken to avoid application of any voltage higher than maximum rated voltages to ; Vop = Pin 16 
this high impedance circuit. For proper operation it is recommended that Vj, and Vss = Pin 8 
Vout be constrained to the range Vg < (Vin or Vout) < Vop- A3 15 


Unused inputs must always be tied to an appropriate logic voltage level (e.g., B3 14 
either Vss or Vpp). invert 3 2 
Clock 3 


Carry Reset 6 









Storage Temperature Range 


01 $3 





LOGIC DIAGRAMS 


MEIGS? (ONE SECTION AND COMMON INPUTS SHOWN) 
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ELECTRICAL CHARACTERISTICS 


Output Voltage 
Vin = Vpp or 0 


"1" Level 
Vin = 0 or Vpop 


Input Voltage “0” Level 
(Vo = 4.5 or 0.5 Vdc) 
(VQ = 9.0 or 1.0 Vde) 
(Vo = 13.5 or 1.5 Vde} 
“4+” Level 
(Vo = 0.5 or 4.5 Vdc) 
(Vo = 1.0 or 9.0 Vde) 
(Vo = 1.5 or 13.5 Vde} 


Output Drive Current (AL Device) : 
(VoH = 2.5 Vde) Source’ ; . . 
(VOH = 4.6 Vdc) E : 5 
| (Von = 9.5 Vde) F . ; 
(VOH = 13.5 Vde) : 5 | -3. 
cm 


(VcoL = 0.4 Vde) Sink 
(Vox = 0.5 Vde) 
(Voy = 1.5 Vde) 


Output Drive Current (CL/CP Device) 
(VOoH = 2.5 Vde) Source 
(VoH = 4.6 Vdc) 

(VoH = 9.5 Vde) 

(Vou = 13.5 Vde) 

(Voz = 0.4 Vde) Sink 
(Voi = 0.5 Vdc) 

(Voy = 1.5 Vde) 


Input Current (AL Device}. +0. +0.00001 | +0.1 
Input Current (CL/CP Device} +03 +0.00001 


Input Capacitance j 
{Vig = 0) 
Quiescent Current (AL Device) : A 0.005 
(Per Package) F 0.010 i 
0.015 


Quiescent Current (CL/CP Device) : 0.005 
(Per Package) 0.010 
0.015 


Total Supply Current**t = (0.96 pA/kHz) f + ares 
(Dynamic plus Quiescent, ig = (1.93 wA/KHz) f+ Ipp 
Per Package) If = (2.8 HA/KHz) f + Ipp 
(CL = 50 pF on all outputs, all 
buffers switching) 


600 





*Tiow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
#Noise immunity specified for worst-case input combination. 
Noise Margin for both “1” and “0” level = 1.0 Vde min@ Vpp = 5.0 Vde 
. 2.0 Vde min@ Vpp = 10 Vde 
, 2.5 Vdc min@ Vpp = 15 Vde 
tTo calculate total supply current at loads other than 50 pF: 
Iy(C_) = 17 (50 pF) +3 x 10-3 (Cc, -50) Vppf 
where: IT is in uA (per package), Cy in pF, Vpp in Vdc, and f i in kHz is input Paleney: 
**The formulas given are for the typical characteristics only at 25°C. 


‘ 
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MC 14032B e MC14038B 


SWITCHING CHARACTERISTICS* (C, = 50 pF, Ta = 25°C) 


Vpp ee ‘Typ 
Characteristic Vde Fox Device | All Types 
180 
F 90 
65 


ees Rise Time 
= (3.0 ns/pF) CL + 30 ns 
r= (1.5ns/pF) CL + 15 ns. 
= (1,11ns/pF) CL + 10 ns 


aren Fall Time 
te=(1.5ns/pF) CL +25ns - 
te = (0.75 ns/pF) Cy +.12.5 ns : 
te = (0.55 ns/pF) Cy + 9.5 ns 


Propagation Delay Time. tPLH, 
A,B or Invert to Sum tPHL 
tPLH. tPHL = (1.7 ns/pF) Cy + 195 ns 
tPLH. tpHL = (0.66 ns/pF) C, + 87 ns 250 
tPLH. tPHL = (0.5 ns/pF) C_ + 65 ns 190 


Clock toSum : 
teLH. tpHL = (1.7 ns/pF) CL + 415 ns 2200 
tPLH. tPpHL = (0.66 ns/pF) Cy + 147 ns ; : 500 
SPL. tPHL = | (0.5 ns/pF) CL + 110 ns 380 


Maximum Clock Pulse Frequency 





Maximum Clock Rise and Fall Times 





*The formula given is for the typical characteristics only. 


- TIMING DIAGRAMS ; 
MC14032B MC14038B 


[Word 1 + Word 2——++-—- Word 3 + Word 4—+ +--Word 1+ Word 2-- ~>— Word 3+ Word 4—4 


aRaeveuecagese ciseveme 
ppphhhpha hhh phanbnhhy 
ee ane 


an 
oeaneanaa 


Beek 
HHH 


a 
rs geo gg os 


-—-—— True Sum ————-++-—- Complemented Sum fr —-- TrueSum ---—++- Complemented Sum—-4 














Word 1: 0.0111100 = +60 Word 3: 1.1011071 = -37 Word 1: 1.1000011 = -61 Word 3: 0.0100100 = +36 


Word 2: 0.0110010 = +50 Word 4: 1.1001110 = -50 - Word 2: 1.1001101 = -51 - Word 4: 0.0110001 = +49 
0.1101110 =+110 1.0101001 = -87 1,0010000 =-112 : 0.1010101 = +85 





Note: Unused input pins must be connected to either Vpp or Vss. 
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MC14032B e MC14038B , 


FIGURE 1 — TYPICAL OUTPUT SOURCE TEST CIRCUIT : FIGURE 2 — TYPICAL OUTPUT SINK TEST CIRCUIT 


External : External 
. Power Power 
Supply Supply 


50% 


Variable 
Programmable 


Pulse 
Generator | 
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MC14032B @ MC14038B . 


FIGURE 4 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 


Programmable ; | 
Pulse 
Generator 


Mc 140328 








MC14038B 
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8-BIT UNIVERSAL BUS REGISTER 
The MC14034B is a bidirectional 8-bit static parallel/serial, 





input/output bus register. The device contains two sets of input/— 


output lines which allows the bidirectional transfer of data between 
two buses; the conversion of serial data to parallel form, or the 
conversion of parallel data to serial form. Additionally the serial 
data input allows data to be entered shift/right, while shift/left can 
be accompolished by hard-wiring each parallel output to the previous 
parallel bit input. 

Other useful applications for this device include pseudo-random 
code generation, sample and hold register, frequency and phase- 
comparator, address or buffer register, and serial/parallel input/ 
output conversions. 


Bidirectional Parallel Data Input 
Quiescent Current = 10 nA/package typical @ 5 Vdc 
Noise Immunity = 45 % of Vpp typical 
-Diode Protection on Ail Inputs — 
Supply Voltage Range = 3.0 Vde to 18 Vdc 
. Static Operation 0 to 5.0 MHz @ Vpp = 10 Vdc 
Single Supply Operation = Positive or Negative 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated 


MC14034B 


McMOS LSI 


(LOW-POWER COMPLEMENTARY MOS) 


8-BIT UNIVERSAL BUS REGISTER 


L SUFFIX 
CERAMIC PACKAGE 
CASE 716 


P SUFFIX 
PLASTIC PACKAGE 
CASE 709 


ORDERING INFORMATION 


Temperature Range. 


Pin-for-Pin Replacement for CD4034 MC14XXXB Suffix Denotes 


is Ceramic Package 
P Plastic Package 


A Extended Operating 
Temperature Range 
Limited Operating 
Temperature Range 





~ MAXIMUM RATINGS (Voltages referenced to Vss) 


: 


BLOCK DIAGRAM 


DC Supply Voltage 


Input Voltage, All Inputs 


Al A2 A3 A4 AS AB A7 AB 
16 17 18 19 20 21 22 23 
e) O Oo O O 





DC Current Drain per Pin 
Operating Temperature Range — AL Device 
CL/CP Device 


A Enabie 
P/S 
Dg (Serial Input) 
A/B 
A/S 
1 C (Clock) 


This device contains circuitry to protect the inputs against damage due to high static 
voltages or electric fields; however, it is advised that normal precautions be taken to 
avoid application of any voltage higher than maximum rated voltages to this high 
impedance circuit. For proper operation it is recommended that Vin and Voyt be 
constrained to the range Vss < (Vin Or Vout) < Vop. 


Unused inputs must always be tied to an appropriate logic voltage level (e.g., either 
Vsg or Vpp). ; 


82 83 B4 BS B6 B7 B8 


Vop= Pin 24 
Vss =Pin12 
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MC14034B - 3 3 
ELECTRICAL CHARACTERISTICS 


Output Voltage 
Vin=Vpp or 0 


"1" Level 
Vin= 0 or VoD ; 


Input Voltage# “0” Level 
(Vo =4.5 or 0.5 Vdc) 
(Vo = 9.0 or 1.0 Vdc) 
(Vo = 13.5 or 1.5 Vde) 
“1” Level 
(Vg = 0.5 or 4.5 Vde) 
(Vo = 1.0 or 9.0 Vde) 
(VO = 1.5 or 13.5 Vde) 


Output Drive Current (AL Device) 
(Vou = 2.5 Vde) Source 
(VOH = 4.6 Vdc) 
(VoH = 9.5 Vde) 
(VoH = 13.5 Vde) 
(VoL = 0.4 Vde) 
(VoL = 0.5. Vde) 
(VoL = 1.5 Vde) 

Output Drive Current (CL/CP Device) 
(Von = 2.5 -Vde) Source 
(VOH = 4.6 Vdc) 

(VOH = 9.5 Vde) 

(VOH = 13.5 Vde) 

(VoL = 0.4 Vde) Sink 
(Voy = 0.5 Vdc) 

(Vou = 1.5 Vde) 


_ [Input Current (AL Device} 
Input Current (CL/CP Device) 


Input Capacitance 
(Vin = 0). 

Quiescent Current (AL Device) 
(Per Package) 


7? 


Sink 


maaan 
AO00 


0.88 
5 = 


0.36 
0.9 
2.4 


£0. 
£03 ee Leelee 


150 uAdc 
300 
600 


= 


= 
a) 


Quiescent Current (CL/CP Device} 
(Per Package) 750 
Total Supply Current* *t 
(Dynamic pius Quiescent, 
Per Package) 
“(C_, = 50 pF on all outputs, all 
- buffers switching) 


- 


Ip = (2.2 pA/KHz2) f + Ipp 
Ip = (4.4 nA/kKH2) f+ Ipp 
Ip = (6.6 uA/kHz) f + IpD 





at Ae 
3 


*Tlow = -55°C for AL Device, -40°C for CL/CP Device. . 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
#Noise immunity specified for worst-case input combination. 
Noise Margin for both “1"’ and ‘0 level = 1.0 Vde min@ Vpp = 5.0 Vdc 
2.0.Vde min@ Vpp = 10 Vde 
2.5 Vde min@Vpp = 15 Vde 
tTo calculate total supply current at loads other than 50 pF: 
IT(CL) = 17(50 pF) +4 x 10-3 (C, -50) Vppf 
where: I7 is in ZA (per package), Cy in pF, Vpp in Vdc, and f in kHz is aactit frequency. 
**The formulas given are for the typical characteristics only at 25°C. 
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'MC14034B 





SWITCHING CHARACTERISTICS* (Cc, = 50 pF, Ta = 25°C) 


Mn 
Vpp AL CL/cP Typ AL cL/cP 
Characteristic Vde Device | Device; All Types | Device | Device 
Output Rise Time A or B 7 
tr = (3.0 ns/pF) CL +30 ns 5.0 350 , 400 
ty = (1.5 ns/pF) Cy +15 ns 10 150 200 
+ tp = (1.1 ns/pF) Cy, +10 ns 15 ; 110 160 
Output Fal! Time Aor B 
te= (1.5 ns/pF) CL +25 ns 5.0 175 200 
_ te= (0.75 ns/pF) Cy +12.5ns 10 110 
te = (0.55 ns/pF) CL +9.5 ns 15 80 
Propagation Delay Time : - 
A (B) Synchronous Parallel! Data Input, ; 
B (A) Paratlel Data Output 
tPLH, tPHL = (1.7 ns/pF) Cy + 440 ns . 9 1300 
tPLH, tpHt = (0.66 ns/pF) Cy +172 ns 515 
tpLH, tPHL = (0.5 ns/pF) Cy + 120 ns 270 360 


7 
5 
4 
35 
Propagation Delay Time ' ; 
A(B) Asynchronous Parallel Data Input : ; 
B (A) Parallel Data Output : , 
- tPLH. tPHL = (1.7 ns/pF) Cy + 420 ns : O ’ 90 
tery. tpHe = (0.66 ns/pF) C,; + 147 ns . 30 
225 | 
34 
7 
3 
2 





tery. tpHL = (0.5 ns/pF) Cy + 105 ns 


Minimum Clock Pulse Width ‘ . 
. ; ; 140 
100 
Maximum Clock Pulse Frequency . : . A : rey 


Maximum Clock Pulse Rise 
and Fall Times 


A, B Input Setup Time : 
‘ 15 
‘ ; 12 
Minimum High Level AE, P/S, A/S Pulse Width 5.0 200 4 
. 3 10 90 180 
ae 15 80 140 


TRUTH TABLE 


5 

5 
0 
0 
10 
10 
0 
0 
0 
5. 

00 





OPE RATIONT 


Synchronous Seria! data input, A and B parallel data outputs disabled. : 
Synchronous Serial data input, B-Parallel data output. 

B Synchronous Parallel data inputs, A-Parailel data outputs disabled. 

B Asynchronous Parallel data inputs, A-Parallel data outputs disabled. . 


| o | Paratiel. | A-Parallel data inputs disabled, B-Parallel data outputs, synchronous data recirculation. 



























Parallel | A-Parallel data inputs disabled, B-Parallel data outputs, asynchronous data recirculation. 
x Synchronous serial data input, A-Parallel data output. 


[0 | Paraltel | 8 Synchronous Parallel date input, AParallel data output, ——SSSSCSCSC~S~S~S 
[1 [ Paratter | & Asynchronous Parallel data input, AParallel data output SS 
[~o_| Paratie! | A'Synchronous Parallel data input, Parallel data output id 
[1] Paratler [A Asynchronous Paalel deta input, @ Parallel dete cutout 
X = Don't Care - ‘ 


t Outputs charige at:positive transition of clock in the serial mode and when the A/S input is low in the parallel mode. 
During transfer from parallel to serial operation, A/S should remain low in order to-prevent Dg transfer into flip-flops. 
























MOTOROLA Semiconductor Products vie: 


6-93 





MC14034B : | 


Serial Data 
input 


Enable A 
EXPANDED ae 


BLOCK DIAGRAM Paraltel/Serial P/S 
Asyn/Syn A/S 


Clock 


Control 
Logic 





8-Bit Register 


OPERATING CHARACTERISTICS 


The MC14034B is composed of eight register cells con- 
nected in cascade with additional contro! logic. Each 
register cell is composed of one ‘‘D” master-slave flip-flop 
with separate internal clocks, and two data transfer gates 
allowing the data to be transferred bidirectionally from 
bus A to bus B and from bus B to bus A, and to be 
memorized. Besides the single phase clock and the serial 
data inputs, the control logic provides four other features: 

A Enable Input — When high, this input enables the 
bus A data lines. 

A/B Input (Data A or B) — This input controls the 
direction of data flow: when high, the data flows from 


bus A to bus B; when low, the data flows from bus B 
to bus A. , 

P/S Input (Parallel/Serial) — This input controls the 
data input mode (parallel or serial). When high, the data is 
transferred to the register in a parallel asynchronous mode 
or a parallel synchronous mode (positive clock transition). 
When low, the data is entered into the register in a serial 
synchronous mode (positive clock transition). 

A/S Input (Asynchronous/Synchronous to. the Clock) 
~ When this input is high, the data is transferred inde- 
pendently from the clock rate; when low, the clock is 
enabled and the data is transferred synchronously. 


LOGIC DIAGRAM 


A2 A3A4A5 A6A7 
17 18 19 2021 22 








A EnableQ o 


A/B 110 
Serial 7 
Data 


Paratlel 130 
Serial 





Asyn/Syn 14 0 





6 Stages 
(Same as 
Stage 1) 





er as a oa 
6543 2 


3B4 BS B6 B7 
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‘ 


FIGURE 1 — PROPAGATION DELAY AND TRANSITION 
TIMES WAVE FORMS 


Output \ 
BIA) \ 





_ PROPAGATION AND TRANSITION TIME TEST CIRCUITS 


FIGURE 2 — ASYNCHRONOUS DATA INPUT, B PARALLEL FIGURE 3 — B SYNCHRONOUS DATA INPUT, B PARALLEL 
DATA OUTPUT AND SETUP TIME DATA OUTPUT AND SETUP TIME 








Programmable 
Pulse 


Programmable 
Pulse 
Generator 


Generator 





HUE 
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RAR 


‘| Programmable 
Pulse 
Generator 


1/f 
PWor = PWo_ = 50% Duty Cycle 





FIGURE 5 — 16-BIT PARALLEL IN/PARALLEL OUT, PARALLEL IN/SERIAL OUT, 
SERIAL IN/PARALLEL OUT, SERIAL IN/SERIAL OUT REGISTER 


Al A2 A3 A4 AS AG A7 ASB 
A Enable 


MC14034B 
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MC14034B 





FIGURE 6 — SHIFT RIGHT/SHIFT LEFT WITH PARALLEL INPUTS 


Shift Left Output - 


A Enable 2% 
AE 
P/S 


Shift Left/ 
Shift Right : Shift Right 


Output 
TTA 


BERERGRGREREB 
Register 1 Nall 
Shift Right : MC14034B 
input Register 2 
; MC 140348 
+ Cc a1 


‘ Shift 
: Left Input* 
A/S Parattet IS i 


- att. 
Ht Baga Piao F PHtE a 
AE 
oa ol 


Register 3 ¢ Register 4 
MC14034B8 MC14034B 


Vobd : Yoo 


A “High”. (‘Low’) on the Shift Left/Shift Right input aliows serial 
data on the Shift Left Input (Shift Right Input) to enter the register 
on the positive transition of the ‘clock signal. A “high” on the “A” 
Enable Input disables the ‘‘A”’ parallel data lines on Reg. 1 and 2 and 
enables the “A” data lines on registers 3 and 4 and allows paraile! data 
into registers 1 and 2. Other logic schemes may be used in place of 
registers 3 and 4 for paralle! loading. 


When parallel inputs are not used Reg. 3 and 4 and associated logic 
are not required. 


*Shift left input must be disabled during parallel entry. 


Circuit diagrams utilizing Motorola products are included as ameans: is believed to be entirely reliable. However, no responsibility is 
of illustrating typical semiconductor applications; consequently, | assumed for inaccuracies. Furthermore, such information does not 
complete information sufficient for construction purposes is not convey to the purchaser of the semiconductor devices described any 
necessarily given. The information has been carefully checked and license under the patent rights of Motorola tnc. or others. 
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4-BIT PARALLEL-IN/PARALLEL-OUT 
SHIFT REGISTER — 


The MC14035B 4-bit shift register is constructed with MOS P- 
channel and N-channel enhancement mode devices in a single mono- 
lithic structure. It consists of a 4-stage clocked serial-shift register 
with synchronous parallel inputs and buffered parailel outputs. The 
Parallel/Serial (P/S) input allows serial-right shifting of data or syn- 
chronous parallel loading via inputs Dpg thru Dp3. The True/Com- 
plement (T/C) input determines whether the outputs display the O 
or © outputs of the flip-flop stages. J-K logic forms the serial input 
to the first stage. With the J and K inputs connected together they 
operate as a serial ‘‘D” input. ; é 

This device may be effectively used for shift-right/shift-left regis- 
ters, parallel-to-serial/serial-to-parallel conversion, sequence genera- 
tion, up/down Johnson or ring counters, pseudo-random code gener- 
ation, frequency and phase comparators, sample and hold registers, 
etc... : 
4-Stage Clocked Serial-Shift Operation 
Synchronous Parallel Loading of all Four Stages 
J-K Serial Inputs on First Stage 
Asynchronous True/Complement Control of all Outputs 
Fully Static Operation 
Asynchronous Master Reset 
Data Transfer Occurs on the Positive-Going Clock Transition 
No Limit on Clock Rise and Fatl Times 
All Inputs are Buffered 
6.0 MHz Operation @ Vpp = 10 Vde 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range , : 





MAXIMUM RATINGS (voltages referenced to Vgs) 


Input Voltage, All Inputs : 
Operating Temperature Range — AL Device Ta -55 to +125 
CL/CP Device -40 to +85 

-_ 


' TRUTH TABLE 


pe [su | KTR] a0 















DC Current Drain per Pin 


Storage Temperature Range 


x = Don’t Care 
P/S = 0 = Serial Mode 
T/C = 1 = True Outputs 


—~/ | 0 ce) 

_/7} 0 Q0 (n- 1) 
S| 1 GO (n - 1) 
Sf 1 

a eae Qo (n-1) 

x re} fe 





R.aR 


—MC14035B 


McMOS MSI 


(LOW-POWER COMPLEMENTARY MOS) 


4-BIT 
PARALLEL-IN/PARALLEL-OUT 


SHIFT REGISTER 


Lt SUFFIX 
CERAMIC PACKAGE 


CASE 620 


P SUFFIX 
PLASTIC PACKAGE 


CASE 648 
ORDERING INFORMATION 


MC14XXXB Suffix Oenotes 


L Ceramic Package 
Plastic Package 


Extended Operating 
Temperature Range 
Limited. Operating 

Temperature Range 





BLOCK DIAGRAM 


Vpp = Pin 16 
Vss = Pin8 





MC 14035B - 


ELECTRICAL CHARACTERISTICS 


Output Voltage “O” Level 
Vin = Vpp or 0 


“1” Level 
Vin = Oor Vpp 


Input Voltage# “O" Level 
{Vo = 4.5 or 0.5 Vdc) 
(Vo = 9.0 or 1.0 Vdc) 
(Vo = 13.5 or 1.5 Vde) 

: "4" Level 

(Vo = 0.5 or 4.5 Vde) 

(Vo = 1.0 or 9.0 Vdc) 

(Vo = 1.5 or 13.5 Vde) 


Output Orive Current (AL Device) 
(VOH = 2.5 Vde) Source 
(VoOH = 4.6 Vdc) 

(VoH = 9.5 Vdc) 

(VOH = 13.5 Vde) 

(VoL = 0.4 Vde) Sink 
(Voy. = 0.5 Vde) 

(VoL = 1.5 Vde) 


Output Drive Current (CL/CP Device) 
(VOH = 2.5 Vde) Source 


| 


c 
c 
Ic 

c, 


0.44 0.88 . mAdc 
1.1 2.25 09 
3.0 8.8 24 | 


Fooo0or| #01 [| #10 | nade | 
ooogo% [soa] [+10] wae 
eae or ae ae 
0.005 uAdc 
0.010 5 
0.015 20 
0.005 20 
0.010 40 
0.015 80 
= (1.0 ZA/kHz) f + Ippo 


= (2.0 nA/kHz) f + Ipp 
= (3.0 wA/kHz) f+ IpDD 


(Von = 4.6 Vde) 

(Vou = 9.5 Vde) 

(VOH = 13.5 Vdc} 

(VoL = 0.4 Vdc) Sink 
“(VOL = 0.5 Vde) 

(Voz~ = 1.5 Vdc) 


Input Current (AL Device) 
tnput Current (CL/CP Device) 


Input Capacitance 
(Vin = 0) 

Quiescent Current (AL Device) 
(Per Package) 


Quiescent Current (CL/CP Device) 
(Per Package) 


Total Supply Current**t 
(Dynamic plus Quiescent, 
Per Package) 
(Cy = 50 pF on all outputs, all 
buffers switching) 





*Tiow = -55°C for AL Device, -40°C for'CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
zNoise immunity specified for worst-case input combination. 
Noise Margin for both “1 and “0” level = 1.0 Vde min@ Vpp = 5.0 Vde 
2.0 Vde min@ Vpp = 10 Vde 
2.5 Vde min@ Vpp = 15 Vde 
tTo calculate total supply current at loads other than 50 pF: 
I7(Cy_) = 17 (50 pF) + 1 x 1073 (C, -50) Vopf 
where: I7 is in uA (per package), Cy in pF, Vpp in Vdc, and f in kHz is input frequency. 
**The formulas given are for the typical characteristics only at 25°C. 


This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high im- 
pedance circuit. For proper operation it is recommended that Vin and Vout be constrained to the range Vss * < (Vin oF Vout) 


<Vpp.° 
Unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vss or Vpp).. 
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MC140358 ; . = 
SWITCHING CHARACTERISTICS* (C, = 50 pF, Ta = 26°C) 
te = (1.5 ns/pF) Cy + 47 ns 


CL/cP wee ap ar : 
Symbol oa Device | All Type: evice 

5.0 350 400 

10 150 *200 

15 110 160 

tf 

ty = (0.75 ns/pF) Cy + 24 ns oF 
te = (0.55 ns/pF) Cy + 17 ns 


176 200 
75 100 
; { 55 80 
Propagation Delay Time, Clock or Reset to Q tPLH- 
: PHL 
tPLH, tpHe = (1.75 ns/pF) Cy + 223 ns ‘ 
teLH. tpHL = (0.70 ns/pF) Cy + 89 ns 
tpLH. teHL, = (0.53 ns/pF) C_ + 67 ns 
Minimum Ctock Pulse Width 
qHE : 
= 
| Minimum Reset Pulse Width ; 
ee cs 
130 ie 
Maximum Clock Pulse Rise and Falf Time 
pao 
a ~ ae ele reLe elt i 
ee eal cae Ee 
250 
150_ se 


P/S Control Setup Time tsetup 
308 as 
MBB HEE 
Parallel input Setup Time tsetup HE 
Hs, 
150 190 


'*The formula given is for the typical characteristics only. 
FIGURE 1 ~ TIMING DIAGRAM | 




















Output Rise Time 
tr = (3.0 ns/pF) Cy + 25 ns 
tp = (1.5 ns/pF) Cy + 12 ns 

te = (1.1 ns/pF) Cy + 8.0 ns 


‘| Output Fall Time 


= 
oa 
o 















500 750 
200 ae 
150 












50% 


tsetupH 


T/C Input Low 
Reset input Low 
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MC14035B 


Dpg 120 


Dpg 110 


Dp1 100 


Dpo 9o- 


P/S 70 


T/C 20 


LOGIC DIAGRAM 


oO 


VVV VY 


1> 


APPLICATION DIAGRAM 
Shift Left/Shift Right Register 


O20 . Left Shift 
Serial Output 


Left Shift 
Serial tnput 









OQ3 Right Shift 
Serial Output 






16 «15 ; 
Vop @1 G2 Q3 DOpg Dp2 Dp; Deo 


oo tic K »y R Cc Ps ss 







Right Shift , 
Seriat {nput 
Reset 


Clock O 


Left/Right 6 
Shift Select 
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MC14038B 


FOR COMPLETE DATA 
SEE MC14032B 


McMOS MSI 


(LOW-POWER COMPLEMENTARY MOS) 
TRIPLE SERIAL ADDERS 
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TRIPLE SERIAL ADDERS 


The MC14032B and MC140388 triple serial adders have the clock Nomis Luise aciaecee 
and carry reset inputs common to ail three adders. The carry is : 
added on the positive-going clock transition for the MC14032B, and 


on the negative-going clock transition for the MC14038B.°T ypical 


applications include serial arithmetic units, digital correlators, digital 
servo control. systems, datalink computers, and flight control 
computers. 


@ Static Operation from dc to 5.0 MHz 
Buffered Outputs . 
Single-Phase Clocking 
Quiescent Current = 5.0 nA/package typical @ 5 Vdc 
Supply Voltage. Range = 3.0 Vdc to 18 Vde 


Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Tempera- 
ture Range. 


Pin-for-Pin Replacement for CD4032 and CD4038 


L SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 


CASE 620 CASE 648 


ORDERING INFORMATION 


MC14XXXB Suffix Denotes 


= Ceramic Package 
P Plastic Package ° 


A Extended Operating 
Temperature Range 

C Limited Operating 
Temperature Range 





MAXIMUM RATINGS (Voltages referenced to Vgs) 
DC Supply Voltage 
DC Current Drain per Pin , Pot f10 Ym Ade | 


Operating Temperature Range — AL Device -55 to +125 °c 
-40 to +85 


CL/CP Device 














BLOCK DIAGRAM 


Al 
B1 
Invert 7 





Storage Temperature Range 





A2 

B2 

This device contains circuitry to protect the inputs against damage due to high invert 2 
static voltages or electric fields; however, it is advised that normal precautions be 
taken to avoid application of any voltage higher than maximum rated voltages to 
this high impedance circuit. For proper operation it is recommended that Vip and 
Vout be constrained to the range Vss < (Vin or Vout) < Vop- A3 
Unused inputs must always be tied to an appropriate logic voltage level (e.g., B3 
either Vsg or Vpp). Invert 3 
: Clock 


Carry Reset 


Vppb = Pin 16 
Vsg = Pin 8 





LOGIC DIAGRAMS 
Mima (ONE SECTION AND COMMON INPUTS SHOWN) 
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12-BIT BINARY COUNTER 


The MC14040B 12-stage binary counter is constructed with MOS 
P-channel and N-channel enhancement mode devices in a single mono- 
lithic structure. This part is designed with an input wave shaping 
circuit and 12 stages of ripple-carry binary counter. The device 
advances the count on the negative-going edge of the clock pulse. 
Applications include time delay circuits, counter controls, and fre- 


quency-driving circuits. 


Fully Static Operation 
Quiescent Current = 5.0 nA/package typical @ 5 Vdc 
Noise Immunity = 45% of Vpp typical 

Diode Protection on All Inputs 

Supply Voltage Range = 3.0 Vdc to 18 Vdc 

Low Input Capacitance = 5.0 pF typical 


Capable of Driving Two Low-Power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated 
Temperature Range. 


Common Reset Line ; ; 
e@ 13 MHz Typical Counting Rate @ Vpp = 15 V 
Pin-for-Pin Replacement for CD4040 





MAXIMUM RATINGS (Voltages referenced to Vgg) ; 


Estee 
-0.5 to Vpp + 0.5 
DC Current Drain pr Pin ee mes OT 


Operating Temperature Range — AL Device ~55 to +125 % 
CL/CP Device -40 to +85 


-65 to +150 





LOGIC DIAGRAM 


Clock 10 9 


MC14040B 


McMOS MSI 


(LOW-POWER COMPLEMENTARY MOS) 


12-BIT BINARY COUNTER 


L SUFFIX 
CERAMIC PACKAGE 


CASE 620 


P SUFFIX 
PLASTIC PACKAGE 


.CASE 648 


ORDERING INFORMATION 


MC14XXXB Suffix Denotes. 


Le 


Ceramic Package 
Plastic Package 
Extended Operating 
Temperature Range 
Limited Operating 
Temperature Range 


TRUTH TABLE 
CLOCK RESET | OUTPUT STATE 


Ee ae 
Advance to next 
EAS eee 


X = Don’t Care 


Q4=Pin5 Q7=Pin4 ; Vop = Pin 16 
O5=Pin3 Q8=Pin13 Vie = Pin8 
Q6=Pin2 Q9=Pin12— Ss 


R14ne2 


No Change 


All Outputs are low 








MC14040B 2 _ = 4 | 


E LECTR ICAL CHARACTERISTICS 


Output Voltage 
Vin = Vpop or 0 


"41" Level 
Vin = Dor Vpp 


Input Voltage # “0” Level 
(Vo = 4.5 or 0.5 Vde) 
(Vo = 9.0 or 1.0 Vdc} 
(Vg = 13.5 or 1.5 Vde) 
“1 Level 
(Vo = 0.5 or 4.5 Vdc) 
(Vo = 1.0 or 9.0 Vde) 
(Vo = 1.5 or 13.5 Vde) 

Output Drive Current (AL Device) 
(VOH = 2.5 Vde) Source 
(VQH = 4.6.Vde) 

(Von = 9.5 Vdce) 
(Von = 13.5 Vde) 
(VoL = 0.4 Vde) 
(Voi = 0.5 Vde) 
(VoL = 1.5 Vde) 

' {Output Drive Current (CL/CP Device) 

(VoH = 2.5 Vde) Source 

(Von = 4.6 Vdc) 

(Vou = 9.5 Vde) 

(VoH=13.5Vde) 

(VoL = 0.4 Vde) Sink 

(Voz = 0.5 Vde) 

(VoL = 1.5 Vde) 


Input Current (AL Device) 
Input Current (CL/CP Device) 


Input Capacitance 
(Vin = 0) 

Quiescent Current (AL Device) 
(Per Package) 


Quiescent Current (CL/CP Device) 
(Per Package) 


Total Supply Current**t — 





ake 


0.005 
0.010 
0.015 


0.005 20 
0.010 |' 40 
0.015 80 


< 
a 
©. 


iy =(0,42 wA/KHz) f + Ip 


(Dynamic plus Quiescent, I =(0.85 wA/kKH2) f+ Epp 


Per Package) , I =(1.43 wA/kHz) f+ Ipp 


(Cy, = 50 pF on all outputs, all 
buffers switching) 


*Tlow = -B85°C for AL Device, -40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
eno immunity specified for worst-case input combination. 
Noise Margin for both "1" and “0” jevel = 1.0 Vde min@ Vpp = 5.0 Vde 
2.0 Vde min@ Vpp = 10 Vde 
2.5 Vdemin@Vpp = 15 Vde 
tTo calculate total supply current at loads other than 50 pF: : 
It(CL) = 17 (50 pF) + 1x 10-3 (CL -50) Vopf 
where: IT is in uA (per package), Cy, in pF, Vpp in Vde, and f in kHz is 
input frequency. 
**The formulas given are for the typical characteristics only at 25°C. 





This device contains circuitry to protect 
the inputs against damage due to high static 
voitages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
‘than maximum rated voltages to this high 
impedance circuit. For. proper operation it 


is recommended that Vin and Voy be 
constrained to the range Vss < (Vjn or 
Vout)h<Vop- 

Unused inputs must always be tied.to an 
appropriate logic voitage level (e.g., aither 
Vgg or Vop). 
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MC14040B | | 


SWITCHING CHARACTERISTICS* (c,_ = 50 pF, Ta = = 25°C) 


a ST Typ a | Some 
Characteristic acs Device | All Types fees pee 








Output Rise Time 
= (3.0 ns/pF) Cy +30 ns- 
= (1.5 ns/pF) CL +15 ns 0 200 
= (1.1 ns/pF) C_ + 10ns 5 160 
0 
7 


ty ; 9 
tr ; 6 
Output Fall Time 
t= (1.5 ns/pF) CL + 25 ns 100 175 200 
te= (0.75 ns/pF) Cy + 12.5 ns 5 75 100 
te = (0.55 ns/pF) Cy +9.5 ns FEB 3 . 65 80 


180 400 


Propagation Delay Time 
Clock toQ1 
tPHL. tPLH = (1.7 ns/pF) Cy +315 ns 
tPHL. tPLH = (0.66 ns/pF) Cy +137 ns 
tpHL. tpLH = (0.5 ns/pF) Cy, +95 ns 
Clock to Q12 
tpHL. tPLH = (1.7 ns/pF) Cy +2415 ns 
tPHL. tPLH = (0.66 ns/pF) CL +867 ns 
tpHL, tPLH = (0.5 ns/pF) Cy +475 ns 
Propagation Delay Time 
Reset to Q, 
tpHL = (1.7 ns/pF) Cy +485 ns 1080 oo 
tpHt = (0.66 ns/pF) CL +182 ns na . 
_!PHL = (0.5 ns/pF) CL. +145 ns a 


150 
fete l te f 
Maximum Clock Pulse Frequency qeneee 
Maximum Clock Rise and Fall Time i 
a eae 


Minimum Reset Pulse Width 320 640 960 
120 240 360 
80 180 270 


4 





*The formula given is for the typical characteristics only. 


FIGURE 1 — POWER DISSIPATION TEST FIGURE 2 — SWITCHING TIME TEST 
CIRCUIT AND WAVEFORM ; "CIRCUIT AND WAVEFORMS 
Vop 






Pulse 
Generator 











Clock 





50% Duty Cycle 
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MC14040B . : 
FIGURE 3 — TIMING DIAGRAM 


1024 2048 4096 


Sera ee 
i | 
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ee eR AED eee (peat a ica ees ES Nc 

iN a et ee ee aes, he 

a a ee Ny le 

a a ee ee, Ste Me 


APPLICATIONS INFORMATION 


TIME-BASE GENERATOR 


A 60 Hz sinewave obtained through a 1.0 Megohm 3600 is accomplished. The MC14040B decodes the counter 
resistor connected directly to a standard 120 Vac power outputs, produces a single output pulse, and resets the 
line is applied to the clock input of the MC14040B. By binary counter. The resulting output frequency is 1.0 
selecting outputs Q5, Q10, Q11, and Q12 division by ‘ pulse/minute. 





1.0 Pulse/Minute 
Output 


; 1/2 
120 Vac 
60 Hz MC14012B, Meare 


Circuit diagrams utilizing Motoroja products are included as a means is believed to be entirely reliable. However, no responsibility is 
of illustrating typical semiconductor applications; consequently, assumed for inaccuracies. Furthermore, such information does not 
complete information sufficient for construction purposes is not convey to the purchaser of the semiconductor devices described any 
necessarily given. The information has been carefully checked and license under the patent rights of Motorola inc. or others. 
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QUAD LATCH 


The MC14042B quad latch is constructed with MOS P-channel McMOS SSI 
and N-channel enhancement mode devices in a single monolithic (LOW-POWER COMPLEMENT ARY mos) 
structure. Each latch has a separate data input, but all four latches 
share a common clock. The clock polarity (high or low) used to : 
strobe date through the latches can be reversed using the. polarity ~ QUAD LATCH 
input. Information present at the data input is transferred to ourputs ' 


Q and Q during the clock level which is determined by the polarity 
input. When the polarity input is in the logic “0” state, data is trans- 
ferred during the low clock level, and when the polarity input is in 
the logic “1” state the transfer occurs during the high clock level. 





Buffered Data Inputs 

Common Clock 

Positive or Negative Edge Clocked 

Q and O Outputs 

Double Diode Input Protection 

No Limit on Clock Rise or Fall Times 

Quiescent Current = 2.0 nA/package typical @ 5 Vdc 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range. 


L SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 


CASE 620 : CASE 648 


ORDERING INFORMATION 





MC14XXXB Suffix Denotes 


L Ceramic Package. 
P Plastic Package 


A. Extended Operating 
Temperature Range 
Limited Operating 
Temperature Range. 


MAXIMUM RATINGS (Voltages referenced to Vgs) 


Symbol 
DC Supply Voltage - 20.5 to +18 Vde 


input Voltage, All Inputs -0.5 to Vpp + 0.5 Vde — 
DC Current Drain per Pin , Ft | 
-55 to +125 


Operating Temperature Range — AL Device 
CL/CP Device -40 to +85 . 


Storage Temperature Range ~65 to +150 % 


LOGIC DIAGRAM 


PIN ASSIGNMENT 


Clock O 
Polarity © 
Polarity 
D1 


on oonnwnr = 


Vss 


TRUTH TABLE 


Vop = Pin 16 
Vss = Pins 


at 
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ELECTRICAL CHARACTERISTICS 


Output Voltage 
Vin = Vpp or O 


“1 Level 


Vin = 9 or Vpp 


Input Voltage# D Inputs “0” Level 
(Vo = 4.5 or 0.5 Vdc) 
(Vo = 9.0 or 1.0 Vdc) 
(Vg = 13.5 or 1.5 Vde) 
“1” Level 
(Vo =050r4.5 Vdc) + 
(Vo = 1.0 of 9.0 Vac) 
(Vo = 1.5 or 13.5 Vde) 


Input Voltage C,P Inputs “0” Level 
(Vo =-4.5 or 0.5 Vde) 
(Vo = 9.0 or 1.0 Vdc) 
(Vo = 13.5 or 1.5 Vde) 
“1 Level 
(Vo = 0.5 or 4.5 Vde) 
(Vo = 1.0 or 9.0 Vde) 
' (VO = 1.5 or 13.5 Vde) 

Output Drive Current (AL. Device) 
(VoH = 2.5 Vdc) Source 
(VOH = 4.6 Vdc) 

(VoH = 9.5 Vdc) 

(VoH = 13.5 Vde) 

(VoL = 0.4 Vde) Sink 
(VoL = 0.5 Vde) 

(VoL = 1.5 Vde) 

Output Drive Current (CL/CP Device) 
(VOH = 2.5 Vde) Source 
(VOH = 4.6 Vdc) 

(Vou = 9.5 Vde) 

(VoH = 13.5 Vdc) 

(VoL = 0.4 Vdc) Sink 
(VoL = 0.5 Vde) 

(VoL = 1.5 Vde) 


Input Current (AL. Device) +0.1 
Input Current (CL/CP Device) 


Input Capacitance 
(Vin = 9) 

Quiescent Current (AL Device) 
(Per Package) 


0.88 
‘ . 





+ 
N= 


Quiescent Current (CL/CP Device) 
(Per Package) 


Total Supply Current* *t : = (1.0 A/kKHz) f + Ipp 
(Dynamic plus Quiescent, : Z = (2.0 pA/kHz) f + Ipp 
Per Package) ; Ip = (3.0 pA/kHz) f + IDD 
(C_ = 50 pF on all outputs, all 3 
buffers switching) 


*Tlow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
#Noise immunity specified for worst-case input combination. 
Noise Margin for both “1” and ‘‘O’’ level = 1.0 Vde min@ Vpp = 5.0 Vde 
2.0 Vde min@ Vpp = 10 Vde 
2.5 Vde min @Vpp = 15 Vde 
tTo calculate total supply current at loads other than 50 pF: 
» Ip(C_) = 17 (50 pF) + 4x 10-3 (CL -50) Vopf 
where: I+ is in uA (per package), Cy in pF, Vpp in Vde, and f in kHz is input frequency. 
**The formulas given are for the typical characteristics only at 25°C. 
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| | | 
| mc140428 | 
SWITCHING CHARACTERISTICS* (C, = 50pF, Ta = 25°C) 


; All Types 
Characteristic 


Output Rise Time 
ty = (3.0 ns/pF) Cy, + 30.ns 
tr = (1.5 ns/pF) Cy + 15 ns 
tr = (1.1 ns/pF) CL + 10 ns 


Output Fall Time 
te = (1.5 ns/pF) Cy + 25 ns 
te = (0.75 ns/pF) Cy +12.5 ns 
te = (0.55 ns/pF) CL +9.5 ns 


Propagation Delay Time, D to Q, a 
tPLH. tPHL = (1.7 ns/pF) Cy + 135 ns 
tPLH. tPHL = (0.66 ns/pF) Cy +57 ns 
tpLH. tepHL = (0.5 ns/pF) Cy + 35 ns 

Propagation Detay Time, Clock to Q, a 
tpLH. tpHL = (1.7.ns/pF) Cy + 135 ns 
tPLH. tPpHL, = (0.66 ns/pF) Cy +57 ns 
tpLH. tpHL = (0.5 ns/pF) Cy + 35 ns 


Minimum Clock Pulse Width 
Maximum Clock Rise Time 
Hold Time 


Setup Time 





*The formula given is for the typical characteristics only. 


FIGURE 1 ~- AC AND POWER DISSIPATION TEST CIRCUIT AND TIMING DIAGRAM 
(Data to Output) 


20 ns 


Data Input 


Pulse- 
Generator 
1 


G Output 


For Power Dissipation test, each output is 
loaded with capacitance C,- 
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MC14042B C= 





FIGURE 2 — AC TEST CIRCUIT AND TIMING DIAGRAM 
(Clock to Output) 


Pulse 
Generator 
1 


Pulse 
Generator 
2 


Note: C; connected to output under test. 
8OVss 


Clock Input 
P.G.1 


Data Input 
P.G.2 


Q Output 





“input clock rise time is 20 ns except for maximum rise time test. 


This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is ad- 
vised that norma! precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high im- 
pedance circuit. For proper operation it is recommended that Vin and Vous be constrained to the range Vgg < (Vin or Vout) 
<Vpp.- ; : 






Unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vgs or Vpp). 
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McMOS MSI 
QUAD R-S LATCHES 


The MC14043B and MC14044B quad R-S latches are constructed 
with MOS P-channel and N-channel enhancement mode devices in a 
single monolithic structure. Each latch has an independent OQ output 
and set and reset inputs. The QO outputs are gated through three- 
state buffers having a common enable input. The outputs are 
enabled with a logical “1” or high on the enable input; a logical 
“O"’ or low disconnects the latch from the Q outputs, result- 
ing in an open circuit at the OQ outputs. 


® Quiescent Current = ,4.0 nA/pkg typical @ 10 Vdc 
@ Double Diode Input Protection 

@ Three-State Outputs with Common Enable 

e 


Outputs Capable of Driving Two Low-Power TTL Loads, One 
Low-Power Schottky TTL Load, or Two HTL Loads Over the 
Rated Temperature Range 


Supply Voltage Range = 3.0 Vdc to 18 Vdc 


MC140438 


Y 


AV, 
z. 


Vopb = Pin 16 
Vss = Pin8 


0 a3 
TRUTH TABLE 


xtx High 15 
, impedance . $30 


No Change 
0 5 
1 OO 
1 Enable 


X = Don't Care 


r-V¥/ 
ry 


=_e 
Do 
=_Bs 
a 
=i 


5 


eo 
Enable 


Y 


‘6-111 


UY BY WY YG 


\V/ 


MC14043B 


QUAD “NOR” R-S LATCH 


MC14044B © 


QUAD “NAND” R-S LATCH 


ert 


L SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 620 CASE 648 


ORDERING INFORMATION 


MC14XX XB Suffix Denotes 


Ceramic Package 
Plastic Package 
Extended Operating 
Temperature Range 
Limited Operating 
Temperature Range 


\/ 
} 


Sy 
-, 


Vop = Pin 16 
Vss = Pin 8 


TRUTH TABLE 


x{X High 
Impedance 


(4) 
1 
0 
No Change 


X =Don't Care - 


i, 
= 





mbol 
“O" Level VoL 


Output Voltage. 
Vin=Vpp or 0 


< 
Oo 


“4 Level 
Vin =9 or Vpp 
Input Voltage# “0” Level 
(Vo= 4.5 or 0.5 Vdc) 
(Vo =9.0 or 1.0 Vdc) 
(VQ = 13.5 or 1.5 Vdc) 
: ; “1 Level 
(VQ =0.5 or 4.5 Vdc) 
(Vo = 1.0 of 9.0 Vdc) 
(Vo = 1.5 or 13.5 Vde) 
Output Drive Current (AL Device) 
(VOH = 2.5 Vdc) Source 
(VOH = 4.6 Vdc) 
(VOH = 9.5 Vdc) 
(VOH = 13.5 Vdc) 
(VoL = 9.4 Vde) Sink 
(VoL =.0.5 Vde) 
(VoL = 1.5 Vde) 

Output Drive Current (CL/CP Device} 
(VOH = 2.5 Vdc) Source 
(VOH =4.6 Vde) . 

(Von =9.5 Vde) 

(VOH = 13.5 Vde) 

(VoL = 0.4 Vdc) 

(Vor = 9.5 Vdc) 

(VoL = 1.5 Vde) 
‘|Input Current (Al. Device) 

Input Current (CL/CP Device) 

[Input Capacitance 
(Vin =0) 

Quiescent Current (AL Device) 

(Per Package) 


= 
wo 


= 2 
3 


Quiescent Current (CL/CP Device) 
(Per Package) 


Total Supply Current **t 


(Dynamic plus Quiescent, Per Package) 
(C_ = 50 pF on all outputs, alt outputs 
switching) 


“+ 


Three-State Output Leakage Current ITL 
(AL Device) 


Three-State Output Leakage Current ITL 
(CL/CP Device) | 


4 


*Tlow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 


#Noise immunity specified for worst-case input combination. 


[=] 
to] 
a 


=O plaNn= ole 
BPooloo0o wl: r 


~~ 
es 
© 
arn 


0.88 
2.25 
8.8 


+0.00001 | +0.1 
+0.00001] +03 


ee 


j 1.0 





1 





“ty = (0.58 wA/kH2) f + Ipp 
iy = (1.15 wA/kHz) f+ Ipp 
iy = (1.73 wA/kH2) f+ IDD 


+0.0001 


+0.0001 


+0.1 





+1.0 


Noise Margin for both “1” and “0” level = 1.0 Vde min @ Vpp = 5.0 Vde 
; 2.0 Vde min @ Vpp = 10 Vdc 
2.5 Vde min @ Vpop = 15 Vde 


tTo calculate total supply current at loads other than 50 pF: 


_It(CL) = 17(50 pF) + 4 x 10-3 (C, -50) Vopf 


where: I7 is in uA (per package), CL in pF, Vpp in Vdc, and f in kHz is input frequency. 
**The formulas given are for the typical characteristics only at 25°C. 
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- MC14043B eMC 140448 - | , 


MAXIMUM RATINGS (Voltages referenced to Vss) 


Va 
Vac 
[OC Current Drain perPin Sid | 10 idm 


Operating Temperature Range — AL Device Ta -55 to +125 % 
; : CL/CP Device »  -40 to +85 


Storage Temperature Range -65 to +150 % 



















SWITCHING CHARACTERISTICS* (CL = 50 pF, Ta = 25°C) 


<< 
a 


Output Rise Time 

ty = (1.35 ns/pF) CL + 32.5 ns 

ty = (0.60 ns/pF) Cy + 20 ns 

ty = (0.40 ns/pF) Cy + 20 ns 
Output Fall Time - 

te = (1.35 ns/pF) CL + 32.5 ns 

t¢ = (0.60 ns/pF) CL + 20 ns 

t¢ = (0.40 ns/pF) CL + 20 ns 
Propagation Delay Time 

tpLH = (0.90 ns/pF) C_ + 130 ns 

tpLH = (0.36 ns/pF) C, + 57 ns 

tpLH = (0,26 ns/pF) Cr + 47 ns 

tpHL = (0.90 ns/pF) Cy + 130 ns 

tpHL = (0.36 ns/pF) Cy + 57 ns 

tpHL = (0.26 ns/pF) Cy + 47 ns 
Minimum Set Pulse Width 


be 
° 


- = 
ao 


Minimum Reset Pulse Width 


Three-State Enable/Disable Delay 


*The formulas given are for the typical characteristics only. 
AC WAVEFORMS 


MC14043B 


Set 
Set 


Reset Reset 











This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vin and Voyt be 
constrained to the range Vsg < (Vin or 
Vout! < Vpp- 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 


Vss or Vpp). 


w 
a 
oO 


wja = 
gin w 
ojo a 


Nola: = 
OIn nN 
ojo o 


Voo 


Vss 


VOH 


VOL 
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MC 14043B @ MC 14044B 


THREE-STATE ENABLE/DISABLE DELAYS 


Set, Reset, and Switch Conditions for 3-State Tests. 


To 
Output 
Under 
Test 





= Vss 





Vpp 
Enabie 
Vss 
Vop 
Qa 
VoL 
VOH 
Qg 
10% 
Vss 
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PHASE-LOCKED LOOP __ McMOS MSI 


The MC14046B phase-locked loop contains two phase compara- (LOW-POWER COMPLEMENTARY MOS) 
tors, a voltage-controlled oscillator (VCO), source follower, and ; 
zener diode. The comparators have two common signai inputs. 

PCAjn and PCBjn. Input PCAj, can be used directly coupled to large PHASE-LOCKED 
voltage signals, or indirectly coupled (with a series capacitor) to LOOP 

small voltage signals. The self-bias circuit adjusts small voltage signals 
in the linear region of the amplifier. Phase comparator 1 (an exclu- 
sive OR gate) provides a digital error signal PC1oyt, and maintains 
90° phase shift at the center frequency between PCAjp and PCBin 
signals (both at 50% duty cycle). Phase comparator 2 (with leading 
edge sensing-logic): provides digital error signals PC29y¢ and PCP out, 
and maintains a 0° phase shift between PCAjpn and PCBin signals 
(duty cycie.is immaterial). The linear VCO produces an output signal 
VCOout whose frequency is determined by the voltage of input 
VCOjn and the capacitor and resistors connected to pins C1a, Cig, 
R1, and R2. The source-follower output SF oyt with an external re- 
sistor is used where the VCOjn signal is needed but no loading can be 
tolerated. The ‘inhibit input Inh, when high, disables the VCO and — 
source follower to minimize standby power consumption. The zener 
diode can be used to assist in power supply regulation. 

Applications include FM and FSK modulation and demodulation, 
frequency synthesis and multiplication, frequency discrimination, 
tone decoding, data’ synchronization and conditioning, voltage-to- 
frequency conversion and motor speed control. 


L SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 


CASE 620 : CASE 648 


VCO Frequency = 1.4 MHz Typical @ Vpp = 10 Vde 
VCO Frequency Drift with Temperature = 0.04%/°C Typical 
@ Vpp = 10 Vde 
VCO Linearity = 1% Typical MC14XXXB Suffix Denotes 
Quiescent Current = 5.0 nA/package typical @ 5 Vdc. ie ce 

Ceramic Package 


- Low Dynamic Power Dissipation — 70 uW Typical @ fo = 10 kHz, Plastic Package 
Vpp = 5.0 Vdc, R1 = 1.0 MQ, R2 =, Rgp =e A Extended Operating 
Buffered Outputs Compatible with MHTL and Low-Power TTL 7 C eee Penge 

imited Operating 
Diode Protection on All Inputs Temperature Range 
Supply Voltage Range = 3.0 to 18 Vdc 


Pin-for-Pin Replacement for CD4046 


ORDERING INFORMATION 


BLOCK DIAGRAM 


; This device contains circuitry to protect 
Self Bias the inputs against damage due to high static 


Circuit PCTout voltages or electric fields; however, it is 
pos advised that normal precautions be taken 
out to avoid application of any voltage higher 
PCPout than maximum rated voltages to this high 
VCOput impedance circuit. For proper operation it 
VCO;, 90 Ri is recommended that Vin and Vout be 
Controlied R2 constrained to the range Vsg <-(Vjn or © 

Vpp «Pin 16 Oscillator Ct, Vout) < Voo- ; 
Vsg = Pin 8 : Cig Unused inputs must always be tied to an 
: i appropriate logic voltage level (e.g.,. either 
“O10 SFoyt _ Vgg or Vpp). Pins 6, 7, 10, 11, 12, and 


15 if unused must be left open. 
15 Zener 





MAXIMUM RATINGS (Voltages referenced to Vsg) . 
Symbol 








Rating 














OC Supply Voltage -0.5to+18 
Input Voltage, All Inputs | Vin | -0.5 to Vpp + 0.5 
DC Current Drain per Pin ptt mac | : 









Vin 

Operating Temperature Range — AL Device ’ Ta -55 to +125 %¢ 
CL/CP Device -40 to +85 

Storage Temperature Range -65 to +150 Cc 





ELECTRICAL CHARACTERISTICS 


Output Voltage 
Vin = Vpop or 0 


“1 Level 
Vin = Q0r Vop 


Input Voltage # _ “0 Level 
(Vo = 4.5 or 0.5 Vde) 
(Vo = 9.0 or 1.0 Vde) 
(Vo = 13.5 or 1.5 Vde) 

. “4” Level 
(Vo = 0.5 or 4.5 Vde) 

(Vo = 1.0 or 9.0 Vdc) 
(Vo = 1.5 or 13.5 Vde) 

Output Drive Current (AL Device) 
(VOH = 2.5 Vde) Source 
(VOH = 4.6 Vde) 

(VOH = 9.5 Vde) 
(VoH = 13.5 Vde) 
(Vo. = 0.4 Vde) 
(VoL = 0.5 Vde) 
(Voz = 1.5 Vde) 
Output Drive Current (CL/CP Device) 
(VOH = 2.5 Vde) Source J -1.7 
(VOH = 4.6 Vdc) 5 0.36 
(VOH = 9.5 Vde) ; . -0.9° 
(VOH = 13.5.Vde) . 35 
(VoL = 0.4 Vde) : : 0.88 
* (Vox = 0.5 Vde) a 2.25 
(Vor = 1.5 Vde) Oo | 88 


Input Current (AL Device) +0.00001 
Input Current (CL/CP Device) +0.00001] +0.3 


Input Capacitance : 
(Vin = 0) 
Quiescent Current {AL Device) 0.005 


(Per Package) 
{Inh = "1 and PCA = 1”) 


Quiescent Current (CL/CP Device) 
(Per Package) 
(Inh = “1 and PCA = “"1") 


~ : 
ol 





Total Supply Current t 
(Inh = “0”, fg = 10 kHz, Cy = 50 pF, 
R1=1M2, R2 = ©, Rop = =, and 


Ip = (1.46 pA/kHz) f+ Ipp 





ty = (4.37 HA/KHz) f+ Ipp 
60% Duty Cycle) “ 
*Tlow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
#Noise immunity specified for worst-case input combination. 
Noise Margin for both 1" and “0” level = 1.0 Vdemin@Vpp = 5.0 Vdc 
: 2.0 Vde min@ Vpp = 10 Vde 
2.5 Vde min @ Vpp = 15 Vde 


tTo Calculate Total Current in General: 
ip ¥2.2xVpp (Se 71.65, Vop = oar (ies - 1.65 
; R1 R2 ae RsF 
1x 10-1 Vpp2 (a -% Duty Cycle of Pchie) #16 where: I in ZA, Cy in pF, VCOin. Vop in Vde, f in KHz, and: 
100 R1, R2, Rog in MQ, CL on VCOout- 


)%* 1x 10-3 1o.+9 Vop f+ 
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MC14046B 


ELECTRICAL CHARACTERISTICS* (c, = 50 pF, Ta= 25°C) 








|__ Maximum | 
ae Typical AL CL/CcP 

Output Rise Time : 
= (3.0 ns/pF) Cy + 30 ns ; 350 400 
ty = (1.5 ns/pF) CL + 15 ns 150 200 
ty = (1.1 ns/pF) Cy + 10 ns 110 160 

Output Fall Time 

te = (1.5 ns/pF) Cy + 25 ns 175 200 
t¢ = (0.75 ns/pF) Cy + 12.5 ns 75 100 
te = (0.55 ns/pF) CL +9.5ns _ 55 80 
cove 
[51015 | 


PHASE COMPARATORS 1 and 2 
input Resistance — PCA;, 





2.0 
4 


pias 400 mV p-p 
_ 800 
oo ‘ a 1400 














~— PCBin 
inimum Input Sensitivity 
AC Coupled — PCAjn 

C series = 1000 pF, f = 50 kHz 


DC Coupled — PCAjp, PCBin, 

VOLTAGE CONTROLLED OSCILLATOR (VCO) 
Maximum Frequency 
(VCOin = Vpp. C1 = 50 pF, 
R1=5kQ, and R2= 


Temperature — Frequency Stability 
{R2 = «} 


Vin 















See Noise !mmunity 


19 {2} 21" 
0.12 %/PC 
0.04 

0.015 


|Output Duty Cycle StS 
ret ene YOO er 


SOURCE-FOLLOWER. 


Offset Voltage 
(VCOjn minus SFgyt, Rgf > 50 k2) 













oo) | 











Linearity. (R2 = ») 
(VCO jp = 2.50 V + 0.30 V, R1 > 10 k2) 
(VCOjn = 5.00 V + 2.50 V, R1 > 400 kQ) 
(VCOjn = 7.50 V # 5.00 V, R1 > 1000 kQ) 






Linearity : 
(VCOin = 2.50 V # 0.30 V, Rog > 50 kO) 
(VCOj, = 5.00 V + 2.50 V, Rgp > 50 k2) 
(VCO jn = 7.50 V + 5.00 V, Rgg > 50 kQ) . 


ZENER DIODE 


ere Wietiemmmr pe ee es | oe ee ee 
LPromie Rensanen ent ma) ______jse ff} -j — | mo Po ate 


*The foemule given is for the typical characteristics only. 
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FIGURE 1 — PHASE COMPARATORS STATE DIAGRAMS 
PHASE COMPARATOR i 


Input State 


Input State 


PCPout 
(Lock Indicator) 


Refer to Waveforms in Figure 3. 





FIGURE 2 — DESIGN INFORMATION 


_ Characteristic Using Phase Comparator 1 .Using Phase Comparator 2 
VCO in PLL system adjusts to center frequency 
(fo). ; 
90° at center frequency (fg), approaching 0° 
and 180° at ends of lock range (2f,). 


The frequency range of the input signal on which the loop.will stay locked if it was 
initially in lock. 2fL = full VCO frequency range = fmax - fmin- 

The frequency range of the input signal on which the loop will lock if it was initially 
out of lock. 


Depends on low-pass filter characteristics 
(see Figure 3). fo <f_ 
‘Center frequency (fg). The frequency of VCOgyt, when VCOj, = 1/2 Vpop 


VCO output frequency (f). ; : 
VCQjn -1.65 | Vpp -1.35 
Ri R2 


(C1 +32) (Vpp + 1.6) 


Capture frequency range (2fc¢). 


Note: This information is intended MHz (at 25°C) 


only to be a design guide. Some 

laboratory experimentation may be where: 

required for fixed designs. Vpp in Vde; 5.0 Vde < Vpp < 15 Vde 
VCO jn in Vde; 1.65 Vde < VCOjn < (Vpp -1.35 Vde) 
R1 and R2in MQ; R1 > 0.005 MQ .R2< 10 M2 fmin 
C1 in pF; C1 > 50 pF 


f of VCOgut 


K = 0.95 @ Vpp = 5.0 Vdc a 65. 1/2Vpp \Vpp Yop 
-1.35) 


= 0.95 @ Vpp = 10 Vde 
= 1.08 @ Vpp = 15 Vde — VEOin 
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| MC14046B 


FIGURE 3 — GENERAL PHASE-LOCKED LOOP CONNECTIONS AND WAVEFORMS 


VCOjin 













PCAin 14 
External 
‘ Phase vco 
@ Frequency f a Low-Pass out 
Comparator Filter @ Frequency Nf’ = f 


PCBin 


[External 1 
=N 


is Ce 


Typical Low-Pass Filters 


(a) Ra (b) 


R3 
Input me ie Bid Output Input Output 
c2 a 1 f2aty R4 
= 2fc- 
= T R3 C2 
aoe 





Note: for further information, see: 
(1) F. Gardner, “Phase-Lock Techniques”, John Wiley and Son, New York, 1966. , 
(2) G. S. Moschytz, ‘Miniature RC Filters Using Phase-Locked Loop’’, BSTJ, May, 1965. ; 


Waveforms 
Phase Comparator 1 . ; 
————— Voo 
PCAin | | | 
, Vss 


——VOH 


PCBin | | | | 
VoL 
——VOH 

PClout | | | | | | | | 
: VoL 


: —VOH 
yee in i ie i 


— VoL 


Phase Comparator 2 
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MOTOROLA . 
Semiconductors 


BOX 20912 6 PHOENIX, ARIZONA 85036 


MC14049B 
MC14050B 






McMOS SSI 


HEX BUFFERS {LOW-POWER COMPLEMENTARY MoS) 


The MC14049B hex inverter/buffer and MC14050B noninverting 
hex buffer are constructed with MOS P-channel and N-channel! en- 
hancement mode devices in a single monolithic structure. These 
complementary MOS devices find primary use where low power 
dissipation and/or high noise immunity is desired. These devices 
provide logic-level conversion using only one supply voltage, Vcc. 
The input-signal high level (Vip) can exceed the Vcc . supply 
‘voltage for logic-level conversions. Two TTL/DTL Loads can be 
driven when the devices are used as CMOS-to-TTL/DTL converters 
(Vcc = 5.0 V, VoL < 0.4 V, IoL = 3.2 mA). Note that pin 16 is 
not connected internally on these devices; consequently connections 
to this terminal will not affect circuit operation. 


HEX BUFFERS 
Inverting — MC14049B 
Noninverting — MC14050B 





@ High Source and Sink Currents - 

@ High-to-Low Level Converter 

© Quiescent Current = 2.0 nA/package typical @ 5 Vdc 
@ Supply Voltage Range = 3.0 Vdc to 18 Vde- 


L SUFFIX P SUFFIX 
CERAMIC PACKAGE “PLASTIC PACKAGE 


CASE 620 CASE 648 
ORDERING INFORMATION 


MCt4XXXB Suffix Oenotes 
(2 L. Ceramic Package 
' P Plastic Package 
: A Extended Operating 
MAXIMUM RATINGS (Voltages referenced to Vgg, Pin 8) ° Temperature Range 
C Limited Operating 


‘Temperature Range 











Rating 
DC Supply Voltage 0.5 to +18 Vde 
input Voitage, All Inputs -0.5 to Vpp +05 | Vdc 


DC Current Drain per Input Pin ae Cd 
DC Current Drain per Output Pin ee ee eee 

Cc 
Cc 


Operating Temperature Range — AL Device Ta —55 to +125 i 
; ; CL/CP Device —40 to +85 
Storage Temperature Range 65 to +150 na 
















LOGIC DIAGRAMS _ 


MC 140498 . MC14050B 





CIRCUIT SCHEMATIC 
(1/6 OF CIRCUIT SHOWN) 


MC14049B 


ls 


NC = Pin 13, 16 NC. = Pin 13, 16 
Vsgg=Pin 8 Vss = Pin8 
Vec= Pin 1 Vee = Pini 


Voc. | 
{= 
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ELECTRICAL CHARACTERISTICS 















Output Voltage “O"" Level 


Vin = Vpp or O 







“1" Level 





_| Input Voltage “0” Level 
(Vo = 3.6 or 1.4 Vde} 
(Vo = 7.2 or 2.8 Vde) 
. (Vo = 11.5 or 3.5 Vde) 
“1” Level 
(Vo = 1.4 or 3.6 Vdc) 
(Vo = 2.8 or 7.2 Vdc) 
(Vo = 3.5 or 11.5 Vde) 


Output Drive Current (AL Device) 
(Von = 2.5 Vide) 
(VoH = 9.5 Vde) 
(Von = 13.5 Vdc) 
(Voz = 0.4 Vdc} 
(Voz = 0.5 Vde} 
(Voz = 1.5 Vdc) 


Output Drive Current (CL/CP Device) 
(Von = 2.5 Vde) 

(Von = 9.5 Vde) 

(VOH = 13.5 Vde) 

(VoL = 0.4 Vdc} 

(VoL = 0.5 Vde) 

(VoL 1.5 Vde) 


Input Current (CL/CP Device} 


Input Capacitance 
' (Vin fad 0) 
Quiescent Current (AL Device) 
(Per Package) 






























mAdc 














of 20a = | 10 | wae | 
eos [a0 [ wae 











Quiescent Current (CL/CP Device) . 
(Per Package) 













Ip = (1.77 BA/kH2) f + Ipp 
= (3.54 BA/kHz) f + IpD 
= (5.31 wA/kHz) f+ IoD 


Total Supply Current**t 
(Dynamic plus Quiescent, 
Per Package) 
(Cz 50 pF on all outputs, all 
buffers switching) 








FIGURE 1 — AMBIENT TEMPERATURE 
POWER DERATING 


*Tiow = 55°C for AL Device, —40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
TTo Calculate total supply current ot loads other than 50 pF: 
Iy(C_) = I7(S0 pF) +6 x 1073 (Cy —50) Vopf 
where: I7 is in HA (per pachage), Cy in pF, Vpp in Vdc, 
and f in kHz is input frequency. 
**The formulas given are for ine typical characteristics only at 25°C. 


PACKAGE | 


ae ee PLASTIC OR CERAMIC. 
ay 








(Per Package) 











Po, MAXIMUM POWER DISSIPATION (mW) 











26 50 7 100 126 150° «176 


Ta, AMBIENT TEMPERATURE (°C) 
MOTOROLA Semiconductor Products Inc. 


$ 2194 


MC14049B e MC140508 _ | 


SWITCHING CHARACTERISTICS* (cy =50 pF, Ta = 25°C) ; 


; : Vop All Types 
Characteristic Vdc | Min | Typ | 


MC14049B : 


7 


Output Rise Time 
tr = (0.8 ns/pF) Cy + 60 ns 
ty = (0.3 ns/pF) CL + 35.ns 
ty = (0.27 ns/pF) CL + 26.5 ns 


Output Fall Time 
t¢ = (0.3 ns/pF) Cy + 25 ns 
t¢ = (0.12 ns/pF) Cy + 14 ns 
te = (0.1 ns/pF) CL + 10 ns 


Propagation Delay Time 
tPpHL = (0.38 ns/pF) Cy + 11 ns 
tpHL = (0.12 ns/pF) Cy +9 ns 
tp = (0.11 ns/pF) Cy + 4.5 ns 





. MC714050B 


Output Rise Time 
ty = (0.7 ns/pF) Cy + 65 ns 
ty = (0.25 ns/pF) Cy + 37.5 ns 
ty = (0.2 ns/pF) Cy + 30 ns 


Propagation Delay Time ; 
tpLH = (0.38 ns/pF) Cy + 61 ns 
tpLH = (0.20 ns/pF) Cy + 30 ns 
tpLH = (0.11 ns/pF) Cy + 24.5 ns 


Output Fall Time 
ty = (0.2 ns/pF) Cy + 30 ns 
t¢ = (0,06 ns/pF) CL +17 ns 


t¢ = (0.04 ns/pF) Cy + 13 ns 


Propagation Delay Time - 
tpLH = (0.33 ns/pF) Cy + 63.5 ns 
tpLyH = (0.19 ns/pF) Cy + 30.5.ns 


tpLH = (0.06 ns/pF) Cy + 27 ns 
Propagation Delay Time 

text = (0.2 ns/pF) Cy + 30 ns 

tpHL = (0.1 ns/pF) Cy + 15 ns 

tpH = (0.05 ns/pF) Cy + 12.5 ns 


*The formula given is for the typical characteristics only. 





FIGURE 2 — TYPICAL VOLTAGE TRANSFER CHARACTERISTICS versus TEMPERATURE _ 
Mc140498 , MC14050B 


< 
ic 
o> 
a 
_ 
eo 
< 


Vout OUTPUT VOLTAGE (Vdc) 
Vout OUTPUT VOLTAGE (Vdc) 





> 


40 6.0 8.0 10 
Vin INPUT VOLTAGE (Vdc) . 
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MC14049B e MC14050B 


FIGURE 3 — TYPICAL OUTPUT SOURCE CHARACTERISTICS FIGURE 4 — TYPICAL OUTPUT SINK CHARACTERISTICS 


Mc 140498 Veco MC14050B 























Vos = 10 Vde 





Sere Rm aa” Par i “, 
ion: Max Package dissipation * 
must be observed. 











lo OUTPUT SOURCE CURRENT (mAdc) 
Io OUTPUT SINK CURRENT (mAdc) 








-10 -8.0 -6.0 -4.0 -2.6 0 0 2.0 40 - 6.0 8.0 10 
Vps ORAIN-TO-SOURCE VOLTAGE (Vdc) Vps DRAIN-TO-SOURCE VOLTAGE (Vdc) 


FIGURE 5 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 





Pulse 
Output 


tPLH 


Output 
MC 14050B 


#invert on MC14049B only 


This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is ad- 
vised ‘that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high im- 
pedance circuit. For proper operation it is recommended that Vip and Vout be constrained to the range Vsg < (Vin or Vout) 


<Vpp. 
Unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vsg or Vpp). 
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MC14051B 
MC14052B 
MC14053B 


MOTOROLA 
Semiconductors 


BOX 20912 6 PHOENIX, ARIZONA 85036. 


ANALOG MULTIPLEXERS/DEMULTIPLEXERS 


McMOS MSI 


The MC14051, MC14052 and MC14053 analog multiplexers {LOW-POWER COMPLEMENTARY MOS) 
are digitally controlled analog switches. The MC14051 effectively , 
implements an 8PST electronic switch, the MC14052 a 4PDT, 
‘and the MC14053 a DP3T. All three devices feature low ON 
impedance and very low OFF leakage current. Control of analog 


signals up to the complete supply voltage range can be achieved. 


ANALOG MULTIPLEXERS/ 
DEMULTIPLEXERS 


High On/Off Output Voltage Ratio — 65 dB typical 
Quiescent Current = 5.0 nA/package typical @ 5 Vdc 
Low Crosstalk Between Switches — 80 dB typical! 
Diode Protection on All Inputs 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 
Transmits Frequencies Up to 65 MHz 
Linearized. Transfer Characteristics, ARON <60 Q for 
Vin = VDD to VEE @ 15 Vdc 
Low Noise — 12 nVA/ Cycle, f>1kHztypical 
Pin-for-Pin Replacement for CD4051, CD4052, and CD4053 


CASE 620 CASE 648 
aL SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 





- ORDERING INFORMATION 
MAXIMUM RATINGS 


MC14XXXB. Suffix Denotes 


a L Ceramic Package 
P Plastic Package 
A Extended Operating 
Temperature Range 
C Limited Operating 
Temperature Range 


[Symbol] Value] Unit ] 
DC Supply Voltage - +0.5 to +18 Vde 
Input Voltage, All Inputs -0.5 to Vpp + 0.5 


OC Current Drain per Pin : | mAdc | 

Operating Temperature Range — AL Device -$5 to +125 
: CL/CP Device - -40 to +85 ; 

Storage Temperature Range i 























MC14051 MC14052 id MC14053 
8-Channel Analog Dual 4-Channel Analog Triple 2-Channel Analog 
Multiplexer/Demultipiexer Muiltiplexer/Demuitiplexer Multiplexer/Demultiplexer 





Controis 





Controls 


154 Commons | 
Out/In 













Commons 
Out/tn 
Switches 
In/Out 










‘Common Switches 
Out/In, tn/Out 






Vop = Pin 16 Vpp = Pin 16 -. Vpp = Pin 16 


Vss = Pin 8 Vsg = Pin 8 Vss = Pins 
Veg = Pin7 Vege = Pin? ; Vege = Pin7 


Note: Control Inputs referenced to Vss, Analog Inputs and Outputs reference to Veg. VEE must be <Vgs. 
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FIGURE 1 — SWITCH CIRCUIT SCHEMATIC 


In/Out 


Controt 





FIGURE 2 — MC14051 FUNCTIONAL DIAGRAM 


TRUTH TABLE 
Binary to 1-of-8 


- Decoder with 
Inhibit 


Control Inputs 


i 
2 
a 
a 
o 


MC14051 | MC14052 MC14053 
is) 


Y xo 





H-Jececfoceols 


*Not applicable for MC14052 
x = Don’t Care 





FIGURE 3 — MC14052 FUNCTIONAL DIAGRAM 


Binary.to E Binary to 1-of-2 
1-0f-4 Decoder ; _ Decoder with 
with Inhibit Inhibit 
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ELECTRICAL CHARACTERISTICS 





Characteristic 


Output Voltage “0” Level 
“4 Level 


Input Voltage 
(4V out < 1.5 Vde) 
(4V out < 3.0 Vde) 
(4Vout <4.5 Vde) 
(4Voyt < 1.5 Vdc) 
(4V out < 3.0 Vde) 
(4Vout < 4.5 Vde) 
_| Input Current (Control, inhibit) 
Input Capacitance 
(Vin = 0) 
Control, Inhibit 
Switch Inputs 
Output Capacitance MC14051 
MC14052 
MC 14053 
Feedthrough Capacitance MC14051 
MC 14052 
MC 14053 
Quiescent Current (AL Device) 
’ (Per Package) 


Quiescent Current (CL/CP. Device) 
(Per Package) 


Total Supply Current **t Iz = (0.07 uA/kKHz) f + Ippo 

(Dynamic pius Quiescent, Ip = (0.20 HA/KH2) f + Ipp 

- Per Package) Ip = (0.36 wA/kHz) f + Ipp 
ON Resistance (AL Device) 


ON Resistance (CL/CP Device)" 


4 ON Resistance Betwéen Any Two Channels _ 


OFF Channel Leakage Current Any Channel 
(AL Device) All Channels OFF: 

MC14051 

MC14052 

MC14053 


OFF Channel Leakage Current Any Channel 
(CL/CP Device) Ali Channels OFF: 

MC14051 

MC14052 

MC14053 


*Tiow = -B5°C for AL Device, -40°C for CL/CP Device. 
Thigh = +125°C for AL Device, 85°C for CL/CP Device. 

#Noise immunity is defined.as the contro! input voltage coincident with the 
specified change, 4Voyt, at an output in the OFF state. 

**The formulas given are for the typical characteristics only at 25°C. 

tTotal Supply Current, I, is the current drawn at device terminals Vpp and 
Vss for total current through the device. The channel component, 
(Vin—Vout)/Ron, should not be included. 
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SWITCHING CHARACTERISTICS* (Cc, =50 pF, T, = 25°C) 


Vpp-Vss Typ 
Characteristic Vde All Types 


Propagation Delay Times tPLH-tPHL 
‘Switch Input to Switch Output (Ry = 10 k2) 
MCi4051 ; 
tpLH-tpHEL = (0.17 ns/pF) Cy + 26.5 ns 
tPLH-tpHL = (0.08 ns/pF) Cy + 11 ns 
tPLH-tPHL = (0.06 ns/pF) Cy + 9.0 ns 
MC14052 ; 
tPLH-tPHL = (0.17 ns/pF) Cy + 21.5 ns 
- tpLH-APHL = (0.08 ns/pF) Cy + 8.0 ns 
tPLH.tPHL = (0.06 ns/pF) Cy + 7.0 ns 
MC14053 
tPLH-tPHL = (0.17 ns/pF) Cy + 16.5 ns 
tPLH-tPHL = (0.08 ns/pF) Cy + 4.0-ns 
tPLH.-tPHL = (0.06 ns/pF) Cy: + 3.0 ns 
Inhibit to Output (Ry = 10 kQ): 
Output “1” or “0” to High impedance, or , tq EH teorH 
High Impedance to ‘1’’ or ‘‘0” Level tH’1'.tHo" 
MC14051 


MC14052 
4 
15 
MC14053 5.0 
. : 10 
15 
Control Input to Output (RL = 10 kQ) 
MC14051 


MC14052 
MC14053 


Sine Wave Distortion 
(RL = 1k, f= 1 kHz) 
Bandwidth 
(Ry = 1 kQ, Vin = 1/2 (Vpp -Vss) p-p, 


Vv - 
20 Losio= -3 dB) MC14051 
1D MC14052 
MC14053 


Feedthrough Attenuation, input to Output 


(Ry = 1kQ,20 Logg ut = ~50 dB) MC14051 
Vin MC14052 
MC14053 
Channel Separation 
(RL = 1kQ, Vin = 1/2 (Vpp -Vss) p-p, 


20 Logi urls) - -60 dB) 
Vin(A) 


Feedthrough Control, Input to Output 
(R1=1kQ, Ry = 10 k&, Control/inhibit 
ty = tf = 20 ns) 


Maximum Control Frequency ; 
(Re = 1k, Vout = 1/2 Vin} 


*The formulas given are for the typical characteristics only. 





This device contains circuitry to protect.the inputs against damage due to high static voltages or. electric fields; however, it is ad- 
vised that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high im- 


pedance circuit. For proper operation it is recommended that Vj, and noe be constrained to the range VEE < (Vin or Vout) 
<Vpp. 
Unused inputs must always be tied to an appropriate logic Seite level (e.g., either Vss or Vpp).. 
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TEST CIRCUITS 


' FIGURE 6 ~ PROPAGATION DELAY TIMES, 
FIGURE 5 — NOISE IMMUNITY CONTROL AND INHIBIT TO OUTPUT 


Pulse 
Generator 


Vop Vee Vee, Voo 





t 


FIGURE 7 — BANDWIDTH AND FEEDTHROUGH. 
ATTENUATION FIGURE 8 — CROSSTALK BETWEEN ANY TWO SWITCHES 


A, B, and C inputs used to turn ON or OFF 
the switch under test. 





_ FIGURE 9 — FEEDTHROUGH, CONTROL TO 
SIGNAL OUTPUT FIGURE 10 — MAXIMUM CONTROL FREQUENCY 


\ 


1/2 (Vpp- Vee) 





7 


@) MOTOROLA Semiconductor Products Inc. 


5-128 


MC14051B @ MC14052B e MC14053B 


FIGURE 11 — CHANNEL RESISTANCE (Ron) TEST CIRCUIT 


Digital 
Multimeter 


°o 
© 
= 
> 
2 
& 
C 
x“ 





TYPICAL RESISTANCE CHARACTERISTICS 


V, Veg =-7.5V 








HERARG 
LET 


SnMNTEnEAnI 
ELLY 
SET 


iJ 


3 2 


icilid) snes oNO, ‘NOy 








FIGURE 12 








35 





a INPUT VOLTAGE (VOLTS) 


Vin, INPUT VOLTAGE (VOLTS) 
































FIGURE 14 — Vpp = 2.5 V, Veg = -2.5V 











(SWHO) JONVLSISAY ;.NO,, ‘NOy 





INPUT VOLTAGE (VOLTS) 


Vin, INPUT VOLTAGE (VOLTS) 


(M) MOTOROLA Semiconductor Products Inc. 


5-129 


MOTOROLA 
Semiconductors 


BOX 20912 6 PHOENIX, ARIZONA 85036 


QUAD ANALOG SWITCH/QUAD MULTIPLEXER 
The MC14066 consists of four independent switches capable of 


MC14066B 


McMOS SSI 


(LOW-POWER COMPLEMENTARY MOS) 


controlling either digital or analog signals. This quad bilateral switch 
is useful in signal gating, chopper, modulator, demodulator and 
CMOS logic implementation. 

The MC14066 is designed to be pin-for-pin compatible with the 
MC14016, but has much lower ON resistance. Input voltage swings 
as large as the full supply voltage .can be controlled via each inde- 
pendent control input. , 

High On/Off Output Voltage Ratio — 65 dB typical 

Quiescent Current = 0.5 nA/package typical @ 5 Vdc 

Low Crosstalk Between Switches —50 dB typical @ 8 MHz 

Diode Protection on All inputs 

Supply Voltage Range = 3.0 Vdc to 18 Vdc 

Transmits Frequencies. Up to 65 MHz @ 10 Vdc 

Linearized Transfer Characteristics, ARON <60 Q for 

Vin = VpD to Vss (at_15V) 
Low Noise — 12 nV// Cycle, f = 1 kHz typical 
Pin-for-Pin Replacement for CD4016, CD4066, MC14016 


QUAD ANALOG SWITCH 
QUAD MULTIPLEXER 





L SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 632 CASE 646 


ORDERING INFORMATION 
MC1I4XXXB 


P SUFFIX 


Suffix Denotes 


L Ceramic Package 

P Plastic Package 

A Extended Operating 
Temperature Range 
Limited Operating 
Temperature Range 


13 
Control 1 
2 
1 Out 1 
And BLOCK 





MAXIMUM RATINGS (Voltages referenced to Vgs) 

















in 
DC Current Drain per Pin po 8 mA | 
Operating Temperature Range — AL Device TA -55 to +125 °C Control 2 DIAGRAM 
CL/CP Device -40 to +85 


Storage Temperature Range ~65 to +150 


in2 


Control 3 


CIRCUIT SCHEMATIC 
(1/4 OF DEVICE SHOWN) 





LOGIC DIAGRAM AND TRUTH TABLE 
(1/4 OF DEVICE SHOWN) 


In/Out Out/in 


tn/Out 


Control 


Switch | Logic Diagram Restrictions 
Vss SVin SVop 


Vss €Vout ©Vop 





| o | OFF | 
Pp ON 


| ss | >109 ohms typ 
3 x 102 Ohms typ 





McMOS is a Trademark of Motorola Inc. 


MC 14066B : ae 


ELECTRICAL CHARACTERISTICS 





Input Voltage (Control) 
(Vg - 4.5 0r 0.5 Vde} 
(VQ ° 9.0 or 1.0 Vde) 
(Vo 13.5 or 1.5 Vdc) 


(Vo * 0.5 or 4.5 Vdc) : F ; 
(VQ ~ 1.0 or 9.0 Vde) ; ‘l 
(Vo = 1.5 ot 13.5 Vde) é : 


Pinput Current (AL Device) Control 1 ; +0.00001 
input Current (CL/CP Device) Control! : +0.00001 


Input Capacitance 
(Vin 0) 
Control Input 
Switch Inputs 


Quiescent Current (AL Device) 
(Per Package) 


Quiescent Current (CL/CP Device) 
(Per Package) 


: 4.0 

ON Resistance (AL Device) ; 250 ~]} 1050 
120 500 

80 280 


ON Resistance (CL/CP Device) : - 1050 
500 
280 


AON Resistance Between Any Two of ; 
Four Switches 
5.0 
Input/Output Leakage Current + +0.01 +100 +1000 } nAdc 
' Switch OFF (AL Device) eae a Egon ened ' 
input/Output Leakage Current 1 +0.01 +300 +1000 nAdc 
Switch OFF (CL/CP Device) , oo 


*The formulas given are for the typical characteristics only. 
Tow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 


This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 


is recommended that Vin and Vout be 
constrained to the range Vsg < (Vjn or 
Vout) < Vpp-. 
Unused inputs must always be tied to an 
appropriate logic voltage tevel (e.g., either 
Vss or Vop). 
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SWITCHING CHARACTERISTICS* (Cc, =50 pF, T, = 25°C unless otherwise noted.) 





tins Characteristic 
Propagation Delay Times 

Input to Output (Ry, = 10 kQ) 
tPLH.tPHL = (0.17 ns/pF) CL + 15.5 ns 
tPLH-tPHL = (0.08 ns/pF) C_ + 6.0 ns 
tPLH.tPHL = (0.06 ns/pF) Cy + 4.0 ns 

Control to Output (Ry = 300 2) 
Output ‘'1’' to High Impedance 


' 


Output 0°’ to High Impedance 
High Impedance to Output 1" 
High Impedance to Output “0” 


Sine Wave Distortion 
(Vin = 1.77 Vde, RMS Centered @ 0.0 Vdc, 
Ri = 10 kQ, f = 1.0 kHz) 


.| Frequency Response (Switch ON) 
Vv 
(RL = 1k, 20 Logiq yo = -3 dB) 
in 
Feedthrough Attenuation (Switch OFF) 


(Ry = 1k, 20 Loa19—* Vout . 59 dg) 
Vin 


Crosstalk Between Any Two Switches 
Vout(B) _ 


in{A) 
(Switch A ON, Switch B OFF) 


Crosstalk, Control! Input to Signal.Output | 


(Ry = 1k&, 20 Logyg -50 dB, 


Maximum Control Input Frequency 


Vout 
(20 Logyq—2Ut = ~6 dB) 
Vin 


*The formulas given are for the typical characteristics only. - 
Tlow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
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t4 Ly 


VoD 
Vdc 


5.0 


10 
15 





100 
90 
75 
90 
75 
60. 
180 
60 
45 


180 
50 
40 


_ MC14066B . 


TEST CIRCUITS 


FIGURE 2 — PROPAGATION DELAY TIME, 
FIGURE 1 — NOISE IMMUNITY CONTROL TO OUTPUT | 





FIGURE 3 — BANDWIDTH AND . FIGURE 4 — CROSSTALK BETWEEN 
FEEDTHROUGH ATTENUATION ANY TWO SWITCHES 


Vc = Vop for Bandwidth Test 
Vc= Vss for Feedthrough Test 





FIGURE 5 — FEEDTHROUGH, . 
CONTROL TO OUTPUT FIGURE 6 — MAXIMUM CONTROL FREQUENCY 


1/2 (Vpp -Vss) 
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MC14066B % 


FIGURE 7 — CHANNEL RESISTANCE (Ron) TEST CIRCUIT 


Keithley 160 
Digital 
Multimeter 


X-Y 
Plotter 





TYPICAL RESISTANCE CHARACTERISTICS 


FIGURE 8 ~ Vpp = 7.5 V, Vss = -7.5 V FIGURE 9 — Vopp = 5.0 V, Vss = -5.0 V 


P< TA = 125°C 


Ron, “ON” RESISTANCE (OHMS) 
I 


Ron, “ON” RESISTANCE (OHMS) 





0 
-10 -8.0 4-60 -40 -2.0 0 02 40 60 86 10 -10 80 -60 -40 -2.0 0 20 40 60 80 10 
Vin, INPUT VOLTAGE (VOLTS) Vin, INPUT VOLTAGE (VOLTS) 


FIGURE 10 — Vop = 2.5 V, Vsg = -2.5 V FIGURE 11 — COMPARISON AT 25°C, Vpp = -Vss 


Ome ee eal ep 
St a ele ee eh 
Rabe Da eee (a dF aa Dees ee es | 















a 
—_ = ’ 
2 x= 
- ae Sa CER (RT = es 
x= = 
eg So i Rs Wa De (A Ca 8 ae 
SA OR ED i Pe Z = 
iy (Gs ae Tacs A : 
77) F | ce aa re 
nag SOE! eel at . ee 
Se He ae dA, FE 
= 100 
0 
40 80° 60 -40 -20 0 6.200646 60 80 10 -10 -80 60 -40 -2.0 0 20 40 6.9 8.0 = 10 
Vin, INPUT VOLTAGE (VOLTS) Vin, INPUT VOLTAGE (VOLTS) 
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MC14068B 


B-SUFFIX SERIES McMOS GATES 


McMOS SSI 


; . : (LOW-POWER COMPLEMENTARY MOS) 
The B Series logic gates are constructed with P and N channel en- . 


hancement mode devices in a single monolithic structure (Comple- 
mentary MOS). Their primary use is where low power dissipation 
and/or high noise immunity is desired. 


8-INPUT “NAND” GATE 


. Y) ‘ 
14 14 
1 1 





Quiescent Current = 0.5 nA typ/pkg @ 5 Vdc 
Noise Immunity = 45% of Vpp typ 

Supply Voltage Range = 3.0 Vdc to 18 Vdc 
All Outputs Buffered 


Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Tempera- 
ture Range. 





Double Diode Protection on All Inputs L SUFFIX P SUFFIX 
_ Pin-for-Pin Replacement for CD4068B CERAMIC PACKAGE PLASTIC PACKAGE 








CASE 632 CASE 646 





ORDERING INFORMATION __ 
MC14XXXB Suffix Denotes 


ie L Ceramic Package 
P Plastic Package = 
A Extended Operating 
Temperature Range 
-C Limited Operating 
Temperature Range 


MAXIMUM RATINGS (voitages referenced to Vsg) 

Rating 

DC Supply Voltage | Yoo | -0.5t0o +18 | Vide | 

Input Voltage, All Inputs 
ae ea 


DC Current Drain per Pin 


Operating Temperature Range — AL Device -55 to +125 °c 


CL/CP Device -40 to +85 


Storage Temperature Range . -65 to +150 






























LOGIC DIAGRAM 


CIRCUIT SCHEMATIC 


ie 
5 


Vss 





Same as 
This device contains circuitry to protect 
the inputs against damage due to high static 
voitages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 


is recommended that Vin and Vout. be 
constrained to the range Vssg < (Vin or 
Vout) < Vop- 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 


Vss or Vpp). 


Same as 
above 


o Same as 
o above 





5-135 


MOTOROLA 
Semiconductors 


BOX 20912 6 PHOENIX, ARIZONA 85036 


HEX INVERTER 


The MC14069B hex inverter.is constructed with MOS P-channel 
and N-channel enhancement mode devices in a single monolithic 
structure. These inverters find primary use where low power dissi- 
pation and/or high noise immunity is desired. Each of the six inverters 
is a single stage to minimize propagation delays. 


Quiescent Current = 0.5 nA typ/pkg @ 5 Vde 

Noise Immunity = 45% of Vpp typ 

Supply Voltage Range = 3.0 Vdc to 18 Vde 

Capable of Driving Two Low-Power TTL Loads, One Low-Power. 
Schottky TTL Load or Two HTL Loads Over the Rated 
Temperature Range 

Double Diode Protection on All Inputs 

Pin-for-Pin Replacement for CD4069B 





MAXIMUM RATINGS (Voltages referenced to Vss) 

se 

DG Supply Voltage Vi 

Input Voltage, All Inputs. -0.5 to Vpp + 0.5 
T 
















DC Current Drain per Pin es ee 


in 
Operating Temperature Range — AL Device A -55 to +125 % 
CL/CP. Device ~40 to +85 


CIRCUIT SCHEMATIC 
(1/6 OF CIRCUIT SHOWN) 


¢ } Voo 
Input* ; to Output 
Vss 


* Double diode protection on all 
inputs not shown. : 





Storage Temperature Range 


LOGIC DIAGRAM 


Vpp= Pin 14 
4 Vgg =Pin 7 


Pulse 
Generator 


Output 


CERAMIC PACKAGE 


MC14XXXB 


‘MC14069B 


McMOS SSIi 


(LOW-POWER COMPLEMENTARY MOS) 


HEX INVERTER 


tL SUFFIX P SUFFIX 


CASE 632 CASE 646 


ORDERING INFORMATION 


Suffix Denotes 


i Ceramic Package 
Plastic Package 


Extended Operating 
Temperature Range 
Limited Operating 

Temperature Range 





This device contains circuitry to protect © 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that norma! precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 


’ is recommended that Vin and Vout be 


constrained to the range Vgg < (Vin or 
Vout) <Vpp.- 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vss or Vpp). . 





PLASTIC PACKAGE 


ELECTRICAL CHARACTERISTICS 


Characteristic ; 


Output Voltage 
Vin= Vppor (¢] 


Vin =00r Vop 
input Voltage # “O" Level 
(Vo = 3.6 or 1.4 Vdc) 
(Vo =7.2 or 2.8 Vdc) 
(Vo = 11.5 or 3.5 Vde) 
“1” Level 
(Vo = 1.4 or 3.6 Vde) 
(Vo = 2.8 or 7.2 Vdc) 
(Vo =3.5 or 11.5 Vde) 


Output Drive Current (AL Device) 
(VOH = 2.5 Vde) Source 
(VoH = 4.6 Vde) 

(VOH = 9.5 Vdc) 
(VOH = 13.5 Vde) 
(VoL = 0.4 Vde) 
(VoL = 0.5 Vdc) 
(VoL = 1.5 Vde) 


Output Drive Current (CL/CP Device) 
(VoOH = 2.5 Vde) Source 
(VOH = 4.6 Vdc) 
(Vou = 9:5 Vde} 
(Von = 13.5 Vde) ss : 
(VoL = 0.4 Vde) : 0.88 
(Vo, = 0.5 Vde) 
(Vo_ = 1.5 Vde) 8.8 


Input Current (AL Device) ° +0.00001; +0.1 
input Current (CL/CP Device) +0.00001 


Input Capacitance Cin 75 
(Vin = 0). 


Quiescent Current (AL Device} a . 25 
’ (Per Package) B 0.50 
J 1.00 


0 
Quiescent Current (CL/CP Device) c 1.0 
(Per Package} 2.0 


4.0 
Total Supply Current**t : : Iv = (0.3 nA/kHz2) f + IDp/é 
(Dynamic plus Quiescent, Per Gate) |. ly = (0.6 HA/KHz) f + Ipp/é 
(Cy = 50 pF) 7 Ip = (0.9 ZA/kH2) f + Ipp/6 


Output Rise and Fall Times** 

(C= 50 pF) 

tr,te = (1.35 ns/pF) C_. + 33 ns 

t,.t¢= (0.60 ns/pF) CL + 20 ns 

ty,t¢ = (0.40 ns/pF) Cy + 20 ns 

Propagation Delay Times** 

{CL = 50 pF) 
tPLH-tPHL = (0.90 ns/pF) CL + 20 ns 
tPLH-tPHL = (0.36 ns/pF) Cy + 22 ns 

 tPLH tpHL = (0.26 ns/pF) Cy + 17 ns] 





*Tlow= -55°C for AL Device, -40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
#Noise immunity specified for worst-case input combination. 
tTo calculate total supply current at loads other than 50 pF: 
: Ip (C_) = (50 pF) +6 x 10-3 (Cy, -50) Vopf . 
where: 7 is in wA (per package), C_ in pF; Vpp in Vde, and f in kHz is input frequency. 
**The formulas given are for the typical characteristics only at 25°C. . 
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MC14070B 


QUAD EXCLUSIVE “OR” GATE 


MC14077B 


QUAD EXCLUSIVE “NOR” GATE 


McMOS SSI 
QUAD EXCLUSIVE “OR” AND“NOR” GATES 


The MC14070B quad exclusive OR gate and the MC14077B quad 
exclusive NOR gate are constructed with MOS P-channel and 
N-channel. enhancement mode devices in a single monolithic 
structure. These complementary MOS logic gates find primary use 
where low power dissipation and/or high noise immunity is desired. 
® Quiescent Current = 0.5 nA typ/pkg @ 5 Vdc 

Noise Immunity = 45% of Vpp typ 

Supply Voltage Range = 3.0 Vdc to 18 Vde: 

All Outputs Buffered 

Capable of Driving Two Low-power TTL Loads, One Low-power 

Schottky TTL Load or Two HTL Loads Over the Rated Tempera- 

ture Range. , 

Double Diode Protection on All Inputs __ 

MC14070B — Replacement for CD4030, CD4070, and 

MC14507 Types 

MC14077B — Replacement for CD4077 Type 


1 


CASE 632 CASE 646 
L SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 


ORDERING INFORMATION 


MCI4XXXB Suffix Denotes 


s Ceramic Package 
Plastic Package 


Extended Operating 
Temperature Range 
Limited Operating 

Temperature Range 















Operating Temperature Range — AL Device -55 to +125 °c |} MC14070 _ MC14077 
- CLICP Device -40 to +85 Quad Exclusive OR Quad Exclusive NOR 


Gate Gate 





Storage Temperature Range -65 to +150 


Vpp * Pin 14 
Vss = Pin 7 
(Both Devices) 






. Pulse 
Generator 







: inverted output on MC140778 only. ; 
# Connect unused input to Vpp for MC14070B, to Vgg for MC14077B. 
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ELECTRICAL CHARACTERISTICS 


Output Voltage “O" Level VOL 
Vin =Vpop or 0 


VOH 


Vin= or Vpp 


Input Voltage* “0"' Level VIL 

(Vo = 4.5 or 0.5 Vdc) 

(Vg = 9.0 or 1.0 Vdc) 

(Vo = 13.5 or 1.5 Vdc) . 

“1 Level 

(Vo = 0.5 or 4.5 Vde) 

(Vo = 1.0 or 9.0 Vde) 

(VQ = 1.5 or 13.5 Vde) 


Output Drive Current (AL Device) 
(VoH = 2.5 Vdc) - Source 
(Von = 4.6 Vdc) 

(VoH = 9.5 Vde) 

(VOH = 13.5 Vde) 

(VoL = 0.4 Vde) Sink 
(VoL = 0.5 Vae) 

(VoL = 1.5 Vde) 

Output Drive Current (CL/CP Device) 
(VoH = 2.5 Vde) Source 
(VoH = 4.6 Vdc), 

(Vou = 9.5 Vdc) 
(Von = 13.5 Vde) 


(VoL = 0.4 Vde} . 0.88 
(VoL = 0.5 Vdc) : 2.25 
(VoL = 1.5 Vde) : 8.8 

0.00001 | +0.1 


£03 


Input Capacitance 
(Vin = 0) 

Quiescent Current (AL Device) 
(Per Package) 


Quiescent Current (CL/CP Device) 
(Per Package) 


-| Total Supply Current**t ‘5. I7 = (0.3 HA/kHz) f + Ipp 
(Dynamic plus Quiescent, i I+ = (0.6 HA/kHz) f + IpD 
Per Package) ly = (0.9 HA/kHz) f+ 'DD 
(Cy = 50 pF on all outputs, alt 
buffers switching) 
Output Rise and Fall Times** 
(Cy = 50 pF) 
t,t = (1.35 ns/pF) CL +33 ns 
t,,t¢ = (0.60 ns/pF) Cy + 20 ns 
t,,t¢ = (0.40 ns/pF) CL + 20 ns 
Propagation Delay Times** 
(Cy = 50 pF) 
teLH.tPHL=(0.90 ns/pF) C_+115 ns 
tPLH .tpH_=(0.36 ns/pF) C, +47 ns 
tpLH.tpHL=(0.26 ns/pF) C_+37 ns 





“Tiow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh bad +125°C for AL Device, +85°C for CL/CP Device. This device contains circuitry to protect 


#Noise immunity specified for worst-case input combination. ede coo oy tice nats hoger 
Noise Margin for both “1” and “0” level = 1.0 Vdc min @ Vpp = 5.0 Vde taken io ercld application of any sottege 
ee Vde min 7 Vpp = Vde ime hgh impute ce Fer prone 

.5 Vde min Vv = 15 Vdc operation it is recomme! u in ® 
tTo calculate total'supply current at loads other than 50 be WWiorVeu! VoD. Se ice 


‘t(Cy) 2 17 (50 pF) +1x 10-3 (Cy -50) Vopt Unused inputs must always be tied to an 


appropriate logic voltage level (e.g., either 
where: I7 is in uA (per package), Cy_ in pF, Vpp in Vdc, and f in kHz is input frequency. LYss2"¥o0). 
“*The formulas given are for the typical characteristics only at 25°C. ; ; 
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—MC14071° 


MC14071B 









QUAD 2-INPUT “OR” GATE McMOS SSI 


The MC14071 and MC14071B are constructed with P and N channel (LOW-POWER COMPLEMENTARY MOS) 
enhancement mode devices in a single monolithic structure (Comple- 
mentary MOS). Their primary use is where low power dissipation 


and/or high noise immunity is desired. 


QUAD 2-INPUT “OR” GATE 


14 wai’ 
1 1 









Quiescent Current = 0.5 nA typ/pkg @ 5 Vdc 

Noise Immunity = 45% of Vpp typ 

Supply Voltage Range = 3.0 Vdc to 18 Vde 

All Outputs Buffered 

Capable of Driving Two Low-power TTL Loads, One Low-power 


L SUFFIX P SUFFIX 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- CERAMIC PACKAGE PLASTIC: PACKAGE 
ature Range. (MC14071B only) CASE 632 CASE 646 


ORDERING INFORMATION 
MC14XXXB Suffix Denotes 


L L. Ceramic Package 


Delete for P Plastic Package 
Non-B Device . A Extended Operating 
Temperature Range 

C Limited Operating 
Temperature Range 


Double Diode Protection on All Inputs 
@ Pin-for-Pin Replacements for CD4071A and CD4071B 





-0.5 to +18 
-0.5 to Vpp +05 
fe 10 | Locic DIAGRAM 


Operating Temperature Range — AL Device -55 to +125 
CL/CP Device -40 to +85 


Storage Temperaturé Range ~65 to +150 °C 





a 


Vop = Pin 14 
Vss = Pin 7 


on © MOAN a 
= = 
~ Lo] 


—_ = 


CIRCUIT SCHEMATICS 
14071 
ai (1/4 of Device Shown) 


v 
1,6,8, 13 J . 
2, 5,9, 12 — 


DD Ot4 

Vss 7 
This device contains circuitry to protect the inputs against damage due operation it is recommended that Vip and Voyt be constrained to the 
to high static voltages or electric fields; however, it is advised that nor- range Vgsg S& (Vin OF Vout) = Vop.- ; 


mal precautions be taken to avoid application of any voltage higher than Unused inputs must always be tied to an appropriate logic voltage level 
maximum rated voltages to this high impedance circuit. For proper (e.g., either Vsg or Vpp). 


s “fous 10, 11 
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B-SUFFIX SERIES McMOS GATES 


The B Series logic gates are constructed with P and N channel en- 
hancement mode devices in a single monolithic structure (Comple- 
mentary MOS). Their primary use is where low power dissipation 
and/or high noise immunity is desired. 


@ Quiescent Current = 0.5 nA typ/pkg @ 5 Vdc 

® Noise Immunity = 45% of Vpp typ 

® Supply Voltage Range = 3.0 Vdc to 18 Vdc 

@ All Outputs Buffered 

@ Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Tempera- 
ture Range. 
Double Diode Protection on All! Inputs 
Pin-for-Pin Replacement for CD4072B 





MAXIMUM RATINGS (Voltages referenced to Vss) 


Pe CRating 
[De Carrent Orainper Pin SST dT 0 —*dY a e_] 
' -§5 to +125 °C 


| 
Operating Temperature Range - AL Device Ta 
CL/CP Device -40 to +85 


Storage Temperature Range -65 to +150 

















CIRCUIT SCHEMATIC ~ 
(1/2 of Device Shown) 
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(MC14072B 


McMOS SSI 


(LOW-POWER COMPLEMENTARY MOS) 


[ 


DUAL 4-INPUT “OR” GATE 


14 14 
1 F 


tL SUFFIX 
CERAMIC PACKAGE 
CASE 632 


_ P SUFFIX 
PLASTIC PACKAGE 
CASE 646 


ORDERING INFORMATION . 
MC14XXXB Suffix 


= ‘Ceramic Package 
Plastic Package 


L 
P 
A Extended Operating 
Cc 


Denotes 


Temperature Range 
Limited Operating ~ 
. Temperature Range 


LOGIC DIAGRAM 


This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it .is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voitages to this high 
impedance circuit. For proper operation it 
is recommended that Vin and Voyr be 
constrained to the range Vsg < (Vin or 
Vout) < Vop- ; 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 


Vss or Vop). 


MOTOROLA 
‘ Semiconductors 


BOX 20912 6 PHOENIX, ARIZONA 85036 


MC14073B 


B-SUFFIX SERIES McMOS GATES 


McMOS SSI 


; . . (LOW-POWER COMPLEMENTARY MOS) 
The B Series logic gates are constructed with P and N channel en- 


hancement mode devices in a single monolithic structure (Comple- 
mentary MOS). Their primary use is where low power dissipation 
and/or high noise immunity is desired. 


TRIPLE 3-INPUT “AND” GATE 


# 
14 14 
4 1 





Quiescent Current = 0.5 nA typ/pkg @ 5 Vde 
Noise !mmunity = 45% of Vpp typ 

Supply Voltage Range = 3.0 Vdc to 18 Vdc 
All Outputs Buffered 


Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Tempera- 
ture Range. 


Double Diode Protection on All Inputs 









L SUFFIX P SUFFIX 
Pin-for-Pin Replacement for CD4073B CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 632 CASE 646 





MAXIMUM RATINGS (Voltages referenced to Vgg) 
v 


dc 
Input Voitage, All Inputs -0.5 to Vpp +05 
BE Current Orain per Pin a CO 


Operating Temperature Range - AL Device Ta -§55 10 +125 °¢ 
—- CL/CP Device -40 to +85 


Storage Temperature Range ~65 to +150 





ORDERING INFORMATION 
MC14XXXB__.. Suffix Denotes 


De lL Ceramic Package 
P Plastic Package 
A Extended Operating 
Temperature Rapge 

C Limited Operating 
Temperature Range 



















LOGIC DIAGRAM 


CIRCUIT SCHEMATICS 
(1/3 of Device Shown) 


Vpp = Pin 14 
Vsg = Pin7 


This device contains circuitry to protect 
the inputs. against damage due to high static 
voltages or electric fields; however, it is 
advised that normal! precautions be taken 
to avoid ‘application of any voltage higher 
than maximum. rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vjn and Voyt be 
constrained to the’ range Vsg < (Vin or 
Vout) < Vop- ; 
Unused inputs must always be tied to an 
appropriate fogic voltage level (e.g., either 


Vss or Vop). 
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MOTOROLA 
Semiconductors 


BOX'20912 6 PHOENIX, ARIZONA 85036 


B-SUFFIX SERIES McMOS GATES 


The B Series logic gates are constructed with P and N channel en- 
hancement mode devices in a single monolithic structure (Comple- 


mentary MOS). Their primary use is where low power dissipation 
and/or high noise immunity is desired. 


@ Quiescent Current = 0.5 nA typ/pkg @ 5 Vdc 

© Noise Immunity = 45% of Vpp typ 

@ Supply Voltage Range = 3.0 Vdc to. 18 Vdc 

@ All Outputs Buffered 

@ Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Tempera- 
ture Range. : 
Double Diode Protection on All Inputs 
Pin-for-Pin Replacement for CD4075B 





MAXIMUM RATINGS (Voltages referenced to Vgs) 


Syne 
[bc Suppty Vonage 0510 +18 
: c 








Input Voltage, All Inputs -0.5 to Vpp +05 


DC Current Orain per Pin (aa) aaa CS 
Operating Temperature Range - AL Device -55 to +125 °¢ 


CL/CP Device -40 to +85 


Storage Temperature Range ; -65 to +150 






CIRCUIT SCHEMATIC 
(1/3 of Device Shown) 


Vop 


149VDpD 


S44) 96,10 


7°Vss 


R.14A2 











MC14075B 


McMOS SSI 


(LOW-POWER COMPLEMENTARY MOS) 


TRIPLE 3-INPUT “OR” GATE 


L SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 632 CASE 646 : 


ORDERING INFORMATION 
MC14XX XB Suffix - Denotes 


= L Ceramic Package 

P. Plastic Package 

A Extended Operating 
Temperature Range 

C Limited Operating - 
Temperature Range 





LOGIC DIAGRAM 


Vopo = Pin 14 
Vssg = Pin7 


This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage’ higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vip and Voyt be 
constrained to the range Vsg < (Vin or 
Vout! < Vpp- 

Unused inputs must always be tied to an 
appropriate logic voltage level'(e.g., either 
Vsg Or Vpp). 













MOTOROLA _ 
Semiconductors 


BOX 20912. PHOENIX, ARIZONA 85036 


MC14076B 





McMOS MSI 


(LOW-POWER COMPLEMENTARY MOS) 


4-BIT D-TYPE REGISTER 
_with THREE-STATE OUTPUTS 


The MC14076B 4-Bit Register consists of four D-type flip-flops 
operating synchronously from a common. clock. OR gated output- 
disable inputs force the outputs into a high-impedance state for use 
in bus organized systems. OR gated data-disable inputs cause the Q 
outputs to be fed back to the D inputs of the flip-flops. Thus they 
are inhibited from changing state while the clocking process remains 
undisturbed. An asynchronous master reset is provided to clear all 
four flip-flops: simultaneously independent of the clock or disable 
inputs. ; 

Three-State Outputs with Gated Control Lines 

Fully Independent. Clock Allows Unrestricted Operation for the 

Two Modes: Parallel Load and Do Nothing 

Asynchronous Master Reset 

For Bus Buffer Registers 

Quiescent Current = 5.0 nA/package.typical @ 5 Vdc: 

Supply Voltage Range = 3.0 Vde to 18 Vde 

Capable of Driving Two Low-power TTL Loads, One Low-power 

Schottky TTL Load or Two HTL Loads Over the Rated Temper- 

ature Range ; 


QUAD D-TYPE REGISTER 
with THREE STATE OUTPUTS 


L SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 


CASE 620 CASE 648 


ORDERING INFORMATION 


Suffix Denotes 


3 L.. Ceramic Package 
P Plastic Package 


MC14XXXB 





: A Extended Operating 
: Temperature Range 
MAXIMUM RATINGS (Voitages referenced to Vgs) C Limited Operating 


; Rating Symbol | Value] Unit | Temperature Range 
OC Supply Voltage 

Input Voltage, All Inputs 2 
OC Current Drain per Pin Pot ffm Ade | 


in 
Operating Temperature Range — AL Device Ta -55 to +125 
. CL/CP Device -40 to +85 
, Storage Temperature Range ; -65 to +150 

















BLOCK DIAGRAM 


FUNCTION TABLE 


. INPUTS ; 
ae Gee | ourPur 
Resat ony aes Oats ees a 
: 0 


Qh 
Qh 


When either output disable A or 8 (or both) Is (are) high the output is disabled to the high- = Vpb= Pin 16 
impedance state; however sequential! operation of the flip-flops is not affected. Vssg = Pin8 


‘ Bt pata 
A § Disable | a2 
Clock 


Output 
Disable 


X™= Don’t Care. . 
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MC14076B | _ : | 


ELECTRICAL CHARACTERISTICS 









Output Voltage” 
Vin = Vpp or 0 







Vin = Gor Vpp 










Input Voltage# 
(Vo = 4.5 or 0.5 Vde) 
(Vo = 9.0 or 1.0 Vdc) 
(Vo = 13.5 or 1.5 Vde) 








“1+ Level 





(Vo = 0.5 or 4.5 Vde} 
(Vo = 1.0-or 9.0 Vdc) 
(Vo = 1.5 or 13.5 Vde) 
Output Drive Current (AL Device) 
(Von = 2.5 Vdc) Source 
(VoH = 4.6 Vae). 
(Vou = 9.5 Vde) 
(VoH = 13.5 Vde) 
(VoL = 0.4 Vde) Sink 
(VoL = 0.5 Vde) 
(VoL =.1.5 Ve) 


Output Drive Current (CL/CP Device) 
(VOH = 2.5 Vde) Source 
(Von = 4.6 Vdc) 

(VoH = 9.5 Vde) 

(VoH = 13.5 Vde) 







































(VoL = 0.4 Vde) Sink 0.44 | 0.88 0.36 mAde 
(VoL = 0.5 Vde) 11 2.25 0.9 _— 
(VoL = 1.5 Vde) 3.0 8.8 2.4 : 


0.00001] 20.1 | — | 210 | BAde | 
fx0.00007] 203 | — | #10 | wAde | 


Lee ed eal ae Bea 
' 5 150 uAdc 

300 1 

‘ §00 . 

0.005 20 150 uAdc 

0.010 . 40 300 

0.015 80 600 

iy =(0.75 BA/KH2) f+ Ipp ; uAdc 


fy = (1.50 BA/kHz) f+ Ipp 
ty =(2.25 BA/kH2) f+ IpD 


Input Current (AL Device) i 


Input Current (CL/CP Device) 


input Capacitance Cin 
(Viq = 0) 





FF 













Quiescent Current (AL Device) 
(Per Package) 











Quiescent Current (CL/CP Device) 
(Per Package) 

















Total Supply Current**t 
(Dynamic plus Quiescent, 
_ Per Package) 
(Cy = 50 pF on ail outputs, all 
buffers switching) . 


Three-State Leakage Current ‘ ITL +0.00001 +3.0 uAdc 
{AL Device} i 
Three-State Leakage Current ATL 15 -£1.0 £0,00001] +1.0 £75 | wAde 
| (CL/CP Device) ; 


*Tiow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
#Noise immunity specified for worst-case input combination. 
Noise Margin for both “1° and “O” fevel = 1.0 Vdemin@ Vpp =5.0Vde .. 
2.0 Vde min@ Vop = 10 Vde 
. 3 2.5 Vde min @ Vpop = 15 Vde 
’ tTo calculate total supply current at loads other than 50 pF: 
ip (Cy) = 17 (50 pF) + 2 x 10-3 (Cy —50) Vopf 
where: I is in wA (per package), Cy_ in pF, Vpp in Vdc, and f in kHz is input frequency. 
**The formulas given are for the typical characteristics only at 25°C. 















) 
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RAAB 


MC14076B 








SWITCHING CHARACTERISTICS®* (Cc, = 50 pF, Ta = 26°C) 


Output Rise Time, Al! B-Series Gates 
tr = (3.0 ns/pF) CL + 30 ns 
tp = (1.5 ns/pF) Cy + 15 ns 
ty.= (1.1 ns/pF) Cy + 10 ns 


Output Fall Time, All B-Series Gates 
te = (1.5 ns/pF) Cy +25 ns 
te = (0.75 ns/pF) Cy + 12.5 ns 
te = (0.55 ns/pF) C,_ + 9.5 ns 


| Propagation Delay Time tPLH. tPHL 
Clock to Q 
tPLH. teHL = (1.7 ns/pF) CL + 215 ns 
tPLH. tpHL = (0.66 ns/pF) Cy + 92 ns 
tPLH, tPpHt, = (0.5 ns/pF) Cy + 65 ns 
Reset to Q , 
TPLH, tPHL = (1.7 ns/pF) Cy + 215 ns 
tPLH. teHL = (0.66 ns/pF) CL +92 ns 
tPLH. tpHL = (0.5 ns/pF) Cy + 65 ns 


3-State Propagation Delay, Output “1” or “0” 
to High Impedance - 


3-State Propagation Delay, High Impedance tH4t", 
to "1" or “0” Level tHo” 


t 


Minimum Clock Pulse Width 


Minimum Reset Pulse Width 


Data Setup Time 


Data Hold Time 


Data Disable Setup Time 


Maximum Clock Pulse Rise and Fali Time 


Maximum Clock Pulse Frequency 


A a 
onw 

Nat Ary glaaqg 
pee 1 aealavsloesleus ay 





re) 


*The formula given is for the typical characteristics only. 


This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to avoid application of any. voltage higher than maximum rated voltages to this high im- 
pedance circuit. For proper operation it is recommended that Vip and Vout be constrained to the range Vgg < (Vin or Vout) 


<Vpp. . : 
Unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vgg or Vpp). 
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MC140768 | | | | 





FIGURE 1 — TIMING DIAGRAM : j FIGURE 2 — THREE-STATE PROPAGATION DELAY 
WAVESHAPE AND CIRCUIT 











Input Rise and Falt 20 ns 
90% 


Output 





Input b Vop 
Information ae 

Vss 

teetup: VoH 


Anya 


ow {m= 2.5V@Vpp=5V, 
tHyeqe: 10 V, and 15 V 
{: 2V@Vypp= SV 


Any Q = 6V@Vpp=10V 





Output : Mo ee 
Q = Output Outputs —>}-— Outputs ‘ Rane Oo é 
Connected Disconnected editor . 
Reset = 0 AnyQ 
Data Disable A and 8 = 0 ; Output 
Output Disable A and B = 0 Other ye sitet duarivand ware 
inputs |2 VoD “or epee 
Output Vgs for terq H and ty-"4 
Disable ° ‘i CL 
AorB = 


FUNCTIONAL BLOCK DIAGRAM . 


Output Disable A 10 
Output DisableB 20 


DO 140 


Data DisableA 90 
Data Disable B 10 0 


Reset 15 © 
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MOTOROLA | ae 
Semiconductors MC14077B 


BOX 20912 6 PHOENIX, ARIZONA 85036 


° 


QUAD EXCLUSIVE “NOR” GATE 


FOR COMPLETE DATA 


: . «SBE Mc14070B 
| McMOS SSI 
QUAD EXCLUSIVE “OR” AND “NOR” GATES 
The MC14070B quad exclusive OR gate and the MC14077B quad 


. exclusive NOR gate are constructed with MOS P-channel and — 
‘N-channel enhancement mode devices in a single monolithic 
structure, These complementary MOS logic gates find primary use 
where low power dissipation and/or high noise immunity is desired. 14 
ij . 14 
1 


®@ Quiescent Current = 0.5 nA typ/pkg @ 5 Vdc 
Noise Immunity = 45% of Vpp typ 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 
All Outputs Buffered _ 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Tempera- 
ture Range. ORDERING INFORMATION 
Double Diode Protection on All Inputs 
MC 14070B — Replacement for CD4030, CD4070, and MC14XXXB Suffix Denotes 
MC14507 Types ; 


MC14077B — Replacement for CD4077 Type - S s 


CASE 632 CASE 646 
L SUFFIX ‘P SUFFIX 
CERAMIC PACKAGE = PLASTIC PACKAGE 


L Ceramic Package 

P Plastic Package 

A Extended Operating 
Temperature Range 


c Limited Operatin 
j Rating Symbol! 7 


i Temperature Range 
DC Supply Voltage -0.5to +18 
input Voltage, Allinputs — -0.5 to Vpp + 0.5 


~56 to +125 MC14070 MC14077 
-40 to +85 Quad Exclusive OR Quad Exclusive NOR 


Operating Temperature Range — AL. Device 
__CL/CP Device 


‘| DC Current Drain per Pin Ft | 
Gate : Gate 
Storage Temperature Range ~65 to +150 


50% Duty Cycle 


Sie : Vop = Pin 14 
a Vsg = Pin 7 
(Both Devices) 
*Inverted output on MC 140778 only. : 


FIGURE 2 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 


4 


Pulse 


Generator. oe hee 
ok: T* 


* Inverted output on MC 140778 only. : 
# Connect unused input to Vop for MC14070B, to Vss for MC14077B. 
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MOTOROLA 
Semiconductors 


BOX 20912. PHOENIX, ARIZONA 85036 


MC14078B 


B-SUFFIX SERIES McMOS GATES 
McMOS SSI 


(LOW-POWER COMPLEMENTARY MOS) 


The B Series logic gates are constructed with P and N channel en- 
hancement mode devices in a single monolithic structure (Comple- 


mentary MOS). Their primary use is where low. power dissipation 
and/or high noise immunity is desired. 


8-INPUT “NOR” GATE 


Quiescent Current = 0.5 nA typ/pkg @ 5 Vdc 
Noise tmmunity = 45% of Vpp typ 

Supply Voltage Range = 3.0 Vdc to 18 Vdc 
All Outputs Buffered 


Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Tempera- 
ture Range. 


Double Diode Protection on-All Inputs 
Pin-for-Pin Replacement for CD4078B 


1 


t SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 632. CASE 646 





ORDERING INFORMATION 
MC14XX XB Suffix Denotes 


‘es Ceramic Package _ 
P Plastic Package: 
A Extended Operating 
Temperature Range 
C Limited Operating 
Temperature Range 






Pe CRating ee Symbot | Value | Unit 
| 
[Bc Current OrainperPin Sid tO *de | 


Operating Temperature Range ~ AL Device Ta -55 to +125 °C 
: CLICP Device -40 to +85 


Storage Temperature Range ” 65 to +150 

















LOGIC DIAGRAM 


Vpp = Pin 14 


s Vsg =Pin 7 


This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 


. is recommended that Vin and Vout be 
: / ‘constrained to the range Vsg < {Vin or 
Vout) < Vop- . 
Unused inputs’ must always be tied to an 
appropriate logic voltage level‘(e.g., either 
Vss of Vop). : 





MOTOROLA 
Semiconductors 
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QUAD 2-INPUT “AND” GATE 


The MC14081 and MC14081B are constructed with P and N channel 
enhancement mode devices in a single monolithic structure (Comple- 
mentary MOS). Their primary use is where low power dissipation 
and/or high noise immunity is desired. 


® Quiescent Current = 0.5 nA typ/pkg @ 5 Vdc 
@ Noise Immunity = 45% of Vppo typ 

@ Supply Voltage Range = 3.0 Vdc to 18 Vde 
@ All Outputs Buffered 

e 


Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range. (MC14081B only) 


Double Diode Protection on All Inputs 
Pin-for-Pin Replacements for CD4081A and CD4081B 


MAXIMUM RATINGS (Voltages referenced to Vsg) 
[BC Coren’ Drain per Pin} 1 
-55 to +125 
~40 to +85 


Operating Temperature Range —- AL Device 













CL/CP Device 


Storage Temperature Range 





CIRCUIT SCHEMATICS 
(1/4 of Device Shown) 


1,6, 8, 13 2,5,9,12 


2,5,9, t2 1,6,8,13 


This device contains circuitry to protect the inputs against. damage due 
to high static voltages or electric fields; however, it is advised that nor- 
mal precautions be taken to avoid application of any voltage higher than 
maximum rated voltages to this high impedance circuit. For proper 
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MC14081 


MC14081B 









McMOS SSI 


{LOW-POWER COMPLEMENTARY MOS) 


QUAD 2-INPUT “AND” GATE 


L SUFFIX P SUFFIX 


CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 632 CASE 646 


ORDERING INFORMATION 
MC14XXXB Suffix Denotes. 


kL Fe 

Delete for P 
Non-8 Device A 
Cc 


Ceramic Package 
Plastic Package 
Extended Operating 
Temperature Range 
Limited Operating 
Temperature Range 


LOGIC DIAGRAM 


Vop = Pin 14 


MC14081B 


$-°3.4,10,11 


operation it is recommended that Vip, and Vout be constrained to the 
range Vss < (Vin OF Vout) < Vop.- ; : 

Unused inputs must always be tied to an appropriate logic voltage level 
{e.g., either Vgg or Vpp). 


MOTOROLA 
Semiconductors 


BOX 20912 . PHOENIX, ARIZONA 85036 


_B-SUFFIX SERIES McMOS GATES 


The B Series logic gates are constructed with P and N channel en- 
hancement mode devices in a single monolithic structure (Comple- 
mentary MOS). Their primary use is where low power dissipation 
and/or high noise immunity is desired. 


® Quiescent Current = 0.5 nA typ/pkg @ 5 Vde 
®@ Noise Immunity = 45% of Vpp typ 

@ Supply Voltage Range = 3.0 Vdc to 18 Vde 
@ All Outputs Buffered 

e 


Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Tempera- 
ture Range. 


Double Diode Protection on All Inputs 
Pin-for-Pin Replacement for CD4082B 





MAXIMUM RATINGS (Voltages referenced to Vgs) 


Rating Symbol 
Input Voltage, All Inputs 


05 t0 Vop +05 
DC Current Drain per Pin A ee oo ae CE 
Operating Temperature Range - AL Device -55 to +125 


CL/CP Device -40 to +85 


DC Supply Voltage 


Storage Temperature Range 


CIRCUIT SCHEMATIC 
(1/2 of Device Shown) 


3 


ss 
Same as 
above 





R161 


MC140828 


McMOS SSI 


(LOW-POWER COMPLEMENTARY MOS) 


DUAL 4-INPUT “AND” GATE 


“L SUFFIX P SUFFIX 


CERAMIC PACKAGE PLASTIC PACKAGE 


CASE 632 CASE 646 


ORDERING INFORMATION 


MC14XX XB Suffix Denotes 


lee L Ceramic Package : 
P Plastic Package 
A Extended Operating 
Temperature Range 
c 


Limited Operating 
Temperature Range 


LOGIC DIAGRAM 
}— 1 
Vop = Pin 14 
Vss =Pin7 
=p 


This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is - 
advised that normal precautions be, taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vin and Voy be 
constrained to the range Vsg < (Vin or 
Vout) < Vop- , 
Unused inputs must always be tied to an 
appropriate logic voltage level! (e.g.,. either 


Vss or Vpp). 





MOTOROLA 


Semiconductors 


BOX 20912 6 PHOENIX, ARIZONA’ 85036 











Advance Information 


QUAD 2-INPUT “NAND” SCHMITT TRIGGER 


The MC 14093B Schmitt trigger is constructed with MOS P-channel 
and N-channel enhancement mode devices in a single monolithic 
structure, These devices find primary use where low power dissi- 
pation and/or high noise immunity is desired: The MC14093B may 
be used in place of the MC14011B quad 2-input NAND gate for 
enhanced noise immunity or to “square up” slowly changing 
waveforms. - 

Quiescent Current = 0.5 nA typ/pkg @ 5 Vde 

Supply Voltage Range = 3.0 Vdc to 18 Vdc 


Capable of Driving Two Low-Power TTL Loads, One Low-Power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range 


Double Diode Protection on All Inputs 
Pin-for-Pin Compatible with CD4093 
@ Can be Used to Replace MC14011B 


_ MAXIMUM RATINGS (Voltages referenced to Vsg) - 


DC Supply Voltage 
Input Voltage, All Inputs 
DC Current Drain per Pin ee SS eee 
Operating Temperature Range — AL Device Ta 
; CL/CP Device 


-0.5 to Vpp + 0.5 


-55 to +125 
. -40 to +85 
Storage Temperature Range 


EQUIVALENT CIRCUIT SCHEMATIC 
{1/4 OF CIRCUIT SHOWN) 





This device contains circuitry to protect the inputs against damage due to high 
static voltages or electric fields; however, it is advised that normal precautions be 
taken to avoid application of any voltage higher than maximum rated voitages to 


this high impedance circuit. For proper operation it is recommended that Vj, and 
| Voyt be constrained to the range Vsg < (Vip or Vout) < Vpp.- 

Unused inputs must always be tied to an appropriate logic voltage level (e.g., 
either Vgg or Vpp). 





This is advance information and specifications are subject to change without notice. 
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MC14093B 


McMOS SSI 


(LOW-POWER COMPLEMENTARY MOS) 


QUAD 2-INPUT “NAND” 
SCHMITT TRIGGER 


L SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 


CASE 632 CASE 646 
ORDERING INFORMATION 


MC14XXXB Suffix Denotes 


i: Ceramic Package 
P Plastic Package 


A Extended Operating 

. Temperature Range 
Limited Operating 

Temperature Range 





iY 


LOGIC DIAGRAM 


1 

3 
5 

4 
8 

10 


12 
11 oo 
13 


Vopb = Pin 14 
Vgg = Pin 7 





MC14093B -. | a 


ELECTRICAL CHARACTERISTICS 


Output Voltage "9" Level 
Vin Vpp ord 


Vin - 0 or Vop 


Input Voltage # “0” Level 
(Vo ~ 4.5 or 0.5 Vde) 
(Vo © 9.0 or 1.0 Vde) 
(Vq ~ 13.5 or 1.5 Vde) 


5.0 
10 
15 


(Vo = 0.5 or 4.5 Vdc) 
(Vo = 1.0 or 9.0 Vde) 
(Vo = 1.5 or 13.5 Vdc) 


5.0 
10 
215 


Output Drive Current (AL Device) 
(VOH = 2.5 Vdc) Source 
(VoH = 4.6 Vde) 

(VoH = 9.5 Vde} 

(VOH = 13.5 Vde) 

(VoL = 0.4 Vdc) Sink 
(VoL = 0.5 Vde) 

(Vo. = 1.5 Vde) 


Output Drive Current (CL/CP Device) 
(VoH = 2.5 Vde} Source 
(VOH = 4.6 Vdc) 
(VOH = 9.5 Vde) 
(Vou = 13.5 Vdc) 
| tin | 
i 


(VoL = 0.4 Vde) Sink 
(VoL = 0.5 Vde) 
(VoL = 1.5 Vde) 


Input Current (AL Device) 
Input Current (CL/CP Device) 


_|Input Capacitance 
(Vin =0) ; 
Quiescent Current (AL Device) 
(Per Package) 





eee te 


Quiescent Current (CL/CP Device) 
(Per Package} 





Ip = (1.2 HA/kHz) f + Ipp 
= (2.4 nA/KHz) f + Ipp 
= (3.6 HA/KHz) f + Ipp 


Total Supply Current**t 
{Dynamic plus Quiescent, 
Per Package) 
(CL = 50 pF onall outputs, all 
buffers switching) 


Hysteresis Voltage 





*Tlow 755°C for AL Device, -40°C for CL/CP Device. 
Thigh = +125°C for AL Device, 85°C for CL/CP Device. 
«Noise immunity specified for worst-case input combination. 
Noise Margin for both “1” and-"'O"' level © 1.0 Vde min@Vpp - 5.0 Vde 
. 2.0Vdemin@Vpp 10 Vde 
: 25 Vdemin@Vpp = 15 Vde 
tTo calculate total supply current at loads other than 50 pF: - ; 
IZ(CL) 17 (50 pF) + 4x 10-3 (C_ -50) Vppf 
where: I7 is in wA (per package), CL in pF, Vpp in Vde, and f in kHz is input frequency. 
*"The formulas given are for the typical characteristics only at 25°C. 
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MC14093B oe . 
SWITCHING CHARACTERISTICS (Cc. =50pF, Ta = 25°C) é 


eer 
Characteristic Symbol eer 


Output Rise Time 


Output Fall Time 


Propagation Delay Time tpLH. tPHL 





FIGURE 1 — SWITCHING TIME TEST CIRCUIT AND WAVE FORMS 


Pulse 
i Generator 


Output 





FIGURE 2 — TYPICAL SCHMITT TRIGGER APPLICATIONS 


VControl = 1 


(a) Schmitt Triggers will square up aes (b) A Schmitt trigger offers maximum 
inputs with slow rise and fail times. noise immunity in gate applications, 


a 


_ 
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MOTOROLA 
Semiconductors 


BOX 20912 « PHOENIX, ARIZONA 85036 


McMOS MSI 


SYNCHRONOUS PROGRAMMABLE 4-BIT 
COUNTERS 


The MC14160B — MC14163B are synchronous programmable 
counters constructed with complementary MOS P-Channel and 
N-Channel enhancement mode devices in a single monolithic struc- 
ture. These counters are functionally equivalent to the 74160— 
74163 TTL counters. 

Two are synchronous programmable decade counters with 
asynchronous and synchronous clear inputs respectively (MC14160, 
MC14162). The other two are synchronous programmable 4-bit 
binary counters with the asynchronous and synchronous clear 
respectively (MC14161, MC14163). 


Internal Look-Ahead for Fast Counting 
Carry Output for N-Bit Cascading 
Synchronously Programmable 
Synchronous Counting 

Load Control Line 

Synchronous or Asynchronous Clear 
Positive Edge Clocked 





MAXIMUM RATINGS (Voltages referenced to Vgg, Pin 8). 
Rating 

DC Supply Voltage 

Input Voltage, All Inputs 

DC Current Drain per Pin 


Operating Ternperature Range — AL Device 
; CL/CP Device 


This device contains circuitry to protect the inputs against damage due to high 
static voltages or electric fields; however, it is advised that normal precautions be 
taken to avoid application of any voltage higher than maximum rated voltages to 
this high-impedance circuit. For proper operation it is recommended that Vin 
and Voyt be constrained to the range Vgs < (Vin OF Vout) < Vop- 
Unused inputs must always be tied to an appropriate logic voltage levei (e.g., 
either Vgs or Vpp). ; 


n41ck 












MC14160B 


‘ DECADE COUNTER. 
with Asynchronous Clear 


MC14161B 


4-BIT BINARY COUNTER 
with Asynchronous Clear 


MC14162B 


DECADE COUNTER 
with Synchronous Clear 


MC14163B 


4-BIT BINARY COUNTER 
with Synchronous Clear 


| 
vil 16 
16 1 

1 








P SUFFIX L SUFFIX 
PLASTIC PACKAGE CERAMIC PACKAGE 
CASE 648 CASE 620 


ORDERING INFORMATION 


MC14xxxB Suffix Denotes 
tes L Ceramic Package 
P Plastic Package 


A Extended Operating 
Temperature Range 

C Limited Operating 

Temperature Range 


BLOCK DIAGRAM 





MC14160B thru MC14163B . 
ELECTRICAL CHARACTERISTICS 


“Characteristic 


Output Voltage : “0” Level 
Vin= Vop or 0 


“1” Level 
Vin = 0 or Vop 


Input Voltage* “0” Level 
(Vo = 4.5 or 0.5'Vde)} 
(Vo =9.0 or 1.0 Vde) 
(Vo = 13.5 or 1.5 Vde) 
“1” Level 
(Vo = 0.5 or 4.5 Vde) 
(Vg = 1.0 or 9.0 Vdc) 
(Vo = 1.5 or 13.5 Vdc) 
Output Drive Current (AL Device) 
(Vor = 2.5 Vde) Source 
(VoH = 4.6 Vdc) 
(VOH = 9.5 Vde) 
(VoH = 13.5 Vde) 
(VoL =0.4 Vdc) . Sink 
(VoL = 0.5 Vdc) 
(VoL = 1.5 Vde) 
Output Drive Current (CL/CP Device) 
(VOH = 2.5 Vdc) Source 
(VOH = 4.6 Vde) 
(VoH = 9.5 Vde) 
(VoH = 13.5 Vde) . 6, J 
(VoL = 0.4 Vde) Sink k 0.88 0.36 
(VoL = 0.5 Vde) : : 2.25 0.9 
(VoL = 1.5 Vde) 5 8.8 2.4 


| ooosor] so1 | _— | 210 | wade | 
70. feoo000r| 203] — } #10 | uAde | 


Input Capacitance : 75 pF 
(Vin = 9) 


Quiescent Current (AL Device) - 5, 0.005 150 uAdc 
(Per Package) 0.010 300 
0.015 600 

Quiescent Current (CL/CP Device) : 150 “ pAdc 
(Per Package) d : 300 
600 


Total Supply Current**t - : Iq = (0.56 wA/kHz) f+ Ipp 
(Dynamic pius Quiescent, 7 =(1.1 wA/kKHz) f+ Ipp 
Per Package) : 17 =(19 YA/kKHz) f + Ipp 
(Cy = 50 pF on all outputs, all : 
buffers switching) 





*Tlow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
#Noise immunity specified for worst-case input combination. 
Noise Margin. for both “1” and “0” level = 1.0 Vde min@ Vpp =5.0 Vde 
2.0 Vde min @ Vpp = 10 Vde 
: 2.5 Vde min @ Vpp = 15 Vde 
tTo calculate total supply current at loads other than 50 pF: ' 
IT(CL) = 17 (50 pF) + 1 x 10-3 (CL -50) Vopft 
where: !7 is in nA (per package), Cy in pF, Vpp in Vdc, and f in kHz is input frequency. 
**The formulas given are for the typical characteristics only at 25°C. 
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_| MC14160B thru MC14163B . ; Ti 


SWITCHING CHARACTERISTICS* (C, = 50 pF, Ta = 25°C) 


Output Rise Time | 
tr = (1.35 ns/pF) Cy + 33 ns 
ty = (0.6 ns/pF) C_ + 20 ns 
tr = (0.4 ns/pF) Cy + 20 ns 
Output Fall Time 
te = (1.35 ns/pF) C_ + 33 ns 
= (0.6 ns/pF) CL + 20 ns 
te = (0.4 ns/pF) CL +.20 ns 
Propagation Delay Time 


Clock to 0 
tPLH. tPHL = (0.90 ns/pF) Cy + 305 ns 
tPLH. tpHL = (0.36 ns/pF) Cy + 132 ns 
tPLH, tpHL = (0.26 ns/pF) Cy + 87 ns 
Clock to Carry. Out 
tPLH. tepHL = (0.90 ns/pF) Cy_'+ 395 ns 
tPLH. tpHL = (0.36 ns/pF) Cy + 167 ns 
tPLH. tPpHL = (0.26 ns/pF) CL + 112 ns 
TE to Carry Out 
tPLH, tpHL = (0.90 ns/pF) C, + 255 ns 
tPLH, tpHL = (0.36 ns/pF) Cy +112 ns 
tPLH. tPHL = (0.26 ns/pF) Cy + 77 ns 
Clear to Q (MC14160, MC14161 only) 
tPLH, tPHL = (0.90 ns/pF) CL + 110 ns 
tPLH. tPpHL = (0.36 ns/pF) Cy +37 ns 
tPLH. tPHL = (0.26 ns/pF) C_ + 22 ns 
Minimum Setup Time 
Data to Clock 


Load to Clock 


Enable to Clock (PE or TE) 


Clear to. Clock (MC14162,MC14163 only) 


Minimum Clock Pulse Width, High 
Maximum Ctock Rise Time 


Maximum Clock Pulse Frequency 





*The formula given is for the typical characteristics only. 
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MC 14160B thru MC14163B 








SWITCHING WAVEFORMS 


Clear 


50% 


Load 


50% 


Data Input 


Enable (PE or TE) 


Clock 


Output 
(Q or Carry) 










tsetup (Clear) MC14162, MC14163 only 


=e 


tsetup 


tsetup 


50% 


= tsetup 


i, 


90% 





j10% 
tPLH tPH bom 


| tPHL (Clear) MC14160, MC14161 only 


FUNCTIONAL DESCRIPTION 


These counters are fully. programmable; that is the 
outputs may be preset to either level. As presetting is 
synchronous, settling up a low level at the load input 
disables the counter and causes the outputs to agree with 
the setup data after the next clock pulse regardless of the 
levels of the enable inputs. Low-to-high transitions at the 
load input should be avoided when the clock is low if the 
enable inputs are high at or before the transition. The 
clear function for the MC14160, MC14161 is asyn- 
chronous and a low level at the clear input sets all four of 
the flip-flop outputs low regardless of the levels of the 
elock, load or enable inputs. The clear function for the 
MC14162 and MC14163 is synchronous and a low level 
at the clear inputs sets all four of the flip-flop outputs 
low after the next clock pulse, regardless of the levels of the 
enable inputs. This synchronous clear. allows the count 
length to be modified easily; decoding the maximum 


count desired can be accomplished with one external 
NAND gate. The gate output is connected to the clear 
input to synchronously clear the counter to-0000 (LLLL). 

The carry look-ahead circuitry provides for cascading 
counters for n-bit synchronous applications without 
additional gating. Instrumental in accomplishing this 
function are two count-enable inputs and a carry output. 
Both count-enable inputs (PE, TE) must be high to count, 
and enable input TE fed forward to enable the carry 
output. The carry output thus enabled will produce a 
positive output pulse with a duration approximately 
equal to the positive portion of the Q1 output. This posi- 
tive overflow carry pulse can be used to enable successive 
cascaded’ stages. High-to-low-level transitions at the enable 
PE or TE inputs should occur only when the clock input 
is high. 
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(Clear is synchronous for MC14162) 


MC14160, MC14162 LOGIC DIAGRAM | 
f 


MC14160B thru MC14163B 
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MC14160, MC14162 TIMING DIAGRAM 


Sequence illustrated in waveforms: 


1. Clear outputs to zero. 

_2. Preset to BCD seven, : 
3. Count to eight, nine, zero, one, two, and three. ~ \ 
4. Inhibit 


Clear (MC 14160) 


(Asynchronous) 
t 
Clear (MC14162) — 
( . ) | AR (Synchronous) . 
SS See 
1 
| 
sa 
Pie 1 
te ‘ . : 
ss a ie 
Data P2 I . 
inputs 
0 . 
P3— | : : 
I : 
P4 





—o ila ape ie gs pe 
* { fh : . L. 
re" LE LA- 
I | I 
{ ! i 
{ ( j | | 
PE ; f 
Enables { Re A ee ee eee ees ee 
TE 4 


Outputs 


Clear Preset 


1 i I Count E Inhibit 
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,MC14163 . LOGIC DIAGRAM 
63) 


‘Clear is Synchronous for MC141 


KAKA A KR A A 





aaa | 











CS 
: oe 
iS) aaa eal J 1 


Cod 
8 s 
; re) 
; = : 
: N z 3 
e 3 3 3 : 8 
ro : hue No =o te 
; 2, ° O ve a : 
go gO 5 9 go so Yio 5 0 RC) 
do 8 qo 8 45 8 = (3) 8 


Pleat i" 
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| MC14160B thru MC14163B | | | 


MC14161,MC14163 TIMING DIAGRAM 


Sequence tilustrated in waveforms: 


1. Clear outputs to zero. 

2. Preset to binary twelve. 

3. Count to thirteen, fourteen, fifteen, zero, one, and two, 
4. Inhibit 


Clear (MC 14161) - 
' l f {Asynchronous) ; 
| 
Clear (MC14163) { 


| ' (Synchronous) ‘ 
Load Sa a Wa ama 
I ; i , 


Or On 
i 
| 
i : 
Data P2 ee 
Inputs 5 
| 
Be US Fea ee 
! . 
: 
Pa | 


! | 


ee LL LA Leer cL 


| F 
I 
PE eetrteens eee Seamer | 
TE 
. I 
! 
t 
= 
es ee en ee 
| | 
QQ came ome _ ; 
t ' 
I j | | 
Qs —_ —_ — 1 
' \ 
( 
1 i] 
1 { 
I 
1 


Outputs 


I ‘ Count i tnhibit 


_ Clear Preset 
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MOTOROLA 
Semiconductors | 


BOX 20912 6 PHOENIX, ARIZONA 85036 


HEX TYPE D FLIP-FLOP 


The MC14174B hex type D flip-flop is constructed with MOS P- 
channel and N-channel enhancement mode devices in a single mono- 
lithic structure. Data on the D inputs which meets the setup time 
requirements is transferred to the Q outputs on the positive edge of 
the clock pulse. All six flip-flops share common clock and reset in- 
puts. The reset is active low, and independent of the clock. 

Static Operation 

All Inputs and Outputs Buffered 

Diode Protection on All Inputs 

Supply Voltage Range = 3.0 Vde to 18 Vdc 

Noise Immunity = 45% of Vpp typical 

Output Compatible with Two HTL Loads, Two Low-Power TTL 

Loads or One Low-Power Schottky TTL Load 


Functional Equivalent to TTL 74174 





MAXIMUM RATINGS (Voitages referenced to Vs) 


Rating =] Symbot] Value [Uni] 
Vpp 
input Voltage, All inputs ———S—S*dtCVin J OS tO VD + 08] Vee | 
[_10___|_mAdc| 












CL/CP Device 


Storage Temperature Range -65 to +150 


Vin 
Operating Temperature Range — AL Device Ta -55 to +125 
; -40 to +85 


TRUTH TABLE 
(Postive Logic) 


INPUTS 
[__Data_ | Reset 


| 
a ae a a 
BP oie) Ee ee a ee a 
Hie, Py ee ee ee 
ee a ae a 


X= Don't Care - 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that norma! precautions be taken to 
avoid application of any voltage higher than 
_Maximum rated voltages to this high im- 
pedance circult. For proper operation it is 


recommended: that Vin and Vout be con- 
strained to the range Vsg < (Vin OF Vout) 
<Vop. ; 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vss or Vpp). 
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MC14174B 


McMOS MSI 


(LOW-POWER COMPLEMENTARY MOS) 


HEX TYPE D FLIP-FLOP 


i 


L SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 620 CASE 648 





ORDERING INFORMATION 


Suffix Denotes 


L Ceramic Package 
Plastic Package 


Extended Operating 
Temperature Range 
Limited Operating 

Temperature Range 


MC14XXXB 


BLOCK DIAGRAM 


Voo = Pin. 16 
Vss = Pins 





~ MC14174B : 
\ . 
ELECTRICAL CHARACTERISTICS 
Vop |__Tiow’ | 8 
Characteristic _ Vde | Min | Max | | Max | Min | Typ | Max | 
Output Voltage “O" Level 0.05 
‘ 0.05 
0.05 




















Vin= Vpp or 0 
4.95 4.95 


9.95 9.95 
14.95 14.95 


“1 Level 
Vin=0orVpp : 








Input Voitage#* “0” Level 
(Vo = 4.5 or 0.5 Vde) 


(Vo =9.0 or 1.0 Vde) 


5.0 15 2.25 
Z 3.0 4.50 





(VQ’= 13.5 or 1.5 Vde) 6.75 
(Vo = 0.5 or 4.5 Vde) 2.78 
(Vo =1.0 or 9.0 Vde) 5.50 
(Vo =1.5 or 13.5 Vde) 8.25 











Output Drive Current (AL Device) 





(VOH = 2.5 Vde) Source 5.0 
(VOH = 4.6 Vdc) : 5.0 
(Voy = 9.5 Vde) 10 
(VoH = 13.5 Vde) 15" 
(VoL = 0.4 Vdc) Sink 

(VoL = 0.5 Vde) © 


(VoL = 1.5 Vde) 


Output Drive Current (CL/CP Device} 
(VOH = 2.5 Vde) Source 
(VoH = 4.6 Vde) 

(VoH = 9.5 Vde) 

(VgH = 13.5 Vde) 


(VoL = 0.4 Vdc) Sink 
(VoL = 0.5 Vdc) 


(Voy =1.5 Vdel S| i 
| tin __| 
ae 














oe 0.52 
1,3 


0.44 0.88 
. ; 2 = 
BOON 
£0,00001 


4.0 

5. 

10 "0 
20. 

20 

40 

80 













Input Current (AL Device) 
Input Current (CL/CP Device) 


input Capacitance 
(Vin = 0) 

Quiescent Current (AL Device) 
(Per Package) 


ei): 
Quiescent Current (CL/CP Device) 
(Per Package) 
IT = (1.1 BA/KH2) f + Ip 
IT = (2.3 MA/kKHz) f + ps 
Iz =(3.7 wA/kH2) f +-Ipp 





3.6 
Sa 
cre 





Total Supply Current* *t 
(Dynamic plus Quiescent, 
Per Package) 
(Cu = 50 pF on all outputs, all 
buffers switching) 





*Tigw = -85°C for AL Device, -40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
#Nowse immunity specified for worst-case input combination. 
Noise Margin for both 1" and "0" tevel = 1.0 Vde min@ Vpp =5.0 Vde 
2.0 Vdc min @ Vop = 10 Vde 
2.5 Vde min @ Vop = 15 Vde 
tTocalcutate total supply current o loads other than 50 pF: : 
IT(C_) = 17 (50 pF) +3 x 10-3 (Cy -50) Voof - 
where: I7 is in uA (per package}, Cy in pF, Vpp in Vde, and f in kHz is input frequency. 
“*The formulas given are for the typical characteristics only at 25°C. 
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MC14174B e< an 


SWITCHING CHARACTERISTICS®* (Cy = 50 pF, Ta = 25°C) 
_ All Types 


Output Rise and Fall Time 
ty, te = (1.35 ns/pF) Cy +32 ns 
tr, t¢ = (0.6 ns/pF) CL +20 ns 
tr, te = (0.4 ns/pF) CL +20 ns 
Propagation Delay Time — Clock to Q 
tPLH, tPHL = (0.9 ns/pF) Cy + 165 ns 
tPLH, tpHL = (0.36 ns/pF) CL +64 ns 
tpLH. tpHL = (0.26 ns/pF) CL + 52 ns 
Propagation Delay Time — Reset to 0 
tPHL = (0.9 ns/pF) Cr + 205 ns 
tPHL = (0.36 ns/pF) Cy + 79 ns 
tPHL = (0.26 ns/pF) Cy + 62 ns 
Minimum Clock Pulse Width 


Minimum Reset Pulse Width 
Maximum Clock Pulse Frequency 
Maximum Clock Pulse Rise and Fall Time 


Data Setup Time 


Data Hold Time 


teset Removal Time** 





*The formulas given are for the typical characteristics only. 
**The reset signal must be high prior to a positive-going transition of the clock. 
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MC14174B . : : 


i 


TIMING DIAGRAM 


FUNCTIONAL BLOCK DIAGRAM 
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MOTOROLA 
Semiconductors 


BOX 20912 6 PHOENIX, ARIZONA 85036 


MC14175B 


McMOS SSI 


(LOW-POWER COMPLEMENTARY MOS) 


QUAD TYPE D FLIP-FLOP 


The MC14175B quad type D flip-flop is constructed with MOS P- 
channel and N-channel enhancement mode devices in a single mono- 
lithic structure. Each of the four flip-flops is positive-edge triggered 
by a common clock input (C). An active-low reset input (R) asyn- 


QUAD TYPE D FLIP-FLOP 


chronously resets all flip-flops. Each flip-flop has independent Data 
(D) inputs and complementary outputs (Q and Q). These devices 
may be used as shift register elements or as type T flip-flops for 
counter and toggle applications. 


® Complementary Outputs 

@ Static Operation . 

@ All Inputs and Outputs Buffered 
- @ Diode Protection on All Inputs 5 nice 
e 
e 
e 


PLASTIC PACKAGE 
CASE 648 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


~ Supply Voltage Range = 3.0 Vdc to 18 Vde 
Noise Immunity = 45% of Vpp typical 


Output Compatible with Two HTL Loads, Two Low-Power TTL 
Loads or One Low-Power Schottky TTL Load 
@ Functional Equivalent to TTL 74175 . 
ORDERING INFORMATION 


MC14XXXB Suffix Denotes 





Ceramic Package 
Plastic Package 


MAXIMUM RATINGS (Voltages referenced to Vsg) 


[SSSRating ———SSCSCS*~*~*drCS mbt] Ve +d 
DC Supply Voltage -0.5 to +18 
tnput Voltage, All inputs -0.5 to Vpp + 0.5 


Temperature Range 
Limited Operating 
Temperature Range 


L 
P 

-A Extended Operating 
Cc 


DC Current Drain per Pin ae a ne ae 


Operating Temperature Range — AL Device ; -55 to +125 
CL/CP Device ~-40 to +85 


' +65 to +150 °C 





Storage Temperature Range BLOCK DIAGRAM 


TRUTH TABLE 
(Postive Logic) 


Ll 
| N 


OUTPUTS 


X = Don’t Care 


Vop = Pin 16 
Vss = Pins 


This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than. maximum rated voltages to 
this high impedance circuit. For proper 


operation it is recommended that Vj, and 
Vout: be constrained to the range Vssg < 
(Vin OF Vout) < Vop- 


Unused inputs must always be tied to an 
appropriate logic voitage level (e.g., either 
Vgs or Vpp)-. 
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| MC14176B | | | ft | 
ELECTRICAL CHARACTERISTICS 


Output Voltage “O" Level 
Vin=Vpp or 0 


"1" Level 
Vin =O or Vop 


Input Voltage* “0” Level 
(Vo = 4.5 or 0.5 Vde) 
(Vo =9.0 or 1.0 Vde) 
(Vo =13.5 or 1.5 Vdc) 
"1" Level 


(Vo = 0.5 or 4.5 Vde). 
(Vg = 1.0 or 9.0 Vdc) 
(VO =1.5 or 13.5 Vde) 


Output Drive Current (AL Device) . 
(VoH = 2.5 Vdc) Source : : 
(Von = 4.6 Vde) ; 
(Von =9.5Vde) ; 
(Von = 13.5 Vde) : 3 
#04 


(VoL = 0.4 Vdc) 
(Voz 20.5 Vdc} 
(VoL = 1.5 Vde) 
Output Drive Current (CL/CP Device) 
(VoH = 2.5 Vde) Source 
(VOH = 4.6 Vde) 
(VoH = 9.5 Vde) 
(VoH = 13.5 Vde) ‘ 
(VoL = 0.4 Vae) 0.88 
(Voy = 0.5 Vde) 2.25 


ee 
0.9 
_ (WoL=1.5Vde) . ‘ 8.8 2.4 
input Current (AL Device) ro1_[—_] 210] wade | 
fe0.00001[ 03 | — | #10 | wAdc | 


{nput Capacitance ' i j 7.5 
(Vin = 0) 


Quiescent Current (AL Device) 0.005 150 wAdc 
(Per Package) 0.010 300 

0.015 600 

Quiescent Current (CL/CP Device) : 0.005 150 uAdc 
(Per Package) 0.010 300 





; 0.015 600 
Total Supply Current" *t : . iy = (1.7 wA/kHz) f + Ipp : uAdc 
(Dynamic pilus Quiescent, ly = (3.4 wA/kHz) f + Ipp 
Per Package) ; ly = (5.0 wA/kHz) f+ IDD 
{C= 50 pF on all outputs, all : : 
buffers switching) 





*Tlow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
_ #Noise immunity specified for worst-case input combination. 
Noise Margin for both “1” and ‘’0" tevel = 1.0 Vde min@ Vpp =5.0 Vdc 
: 2.0 Vde min @ Vpp = 10 Vde 
2.5 Vde min @ Vpp = 15 Vde 
tTo calculate total supply current at loads other than SO pF: 
IT(CL) = 17 (50 pF) +4 x 10-3 (C_ -50) Vppf , 
where: f+ is in uA (per package), Cy in pF, Vpp in Vde, and f in kHz is input frequency. 
**The formulas given are for the typical characteristics only at 25°C. 
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MC14175B 


SWITCHING CHARACTERISTICS* (C__ = 50 pF, Ta = 25°C) 





Characteristic 
Output Rise and Fall Time 
tr, t= (1.35 ns/pF) Cy + 32 ns 
ty, te = (0.6 ns/pF) Cy + 20 ns 
ty, te = (0.4 ns/pF) Cy + 20 ns 
Propagation Delay Time — Clock to Q 
 tPLH. tPHL = (0.9 ns/pF) Cy + 175 ns 
tPLH. tPHL = (0.36 ns/pF) CL + 72 ns 
teLH. tPHL = (0.26 ns/pF) Cy, + 57 ns 
Propagation Delay Time — Reset to Q 
tpHL = (0.9 ns/pF) Cy + 280 ns 


tp = (0.36 ns/pF) Cy +112 ns 
tpHt = (0.26. ns/pF) Cy, + 87 ns 


Minimum Freset Pulse Width’ 

Maximum Clock Pulse Frequency 
Maximum Clock Pulse Rise and Fall Time 
Data Setup Time 

Data Hold Time 


Reset Removal Time** 


*The formulas given are for the typical characteristics only. 
**The reset signal must be high prior to a positive-going transition of the clock. 
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MC14175B 


TIMING DIAGRAM 


FUNCTIONAL BLOCK DIAGRAM 


POT PST SA 


d >> lie anes =. 
st 
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. 
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MC14194B 


McMOS MSI 


(LOW-POWER COMPLEMENTARY MOS) 


4-BIT BIDIRECTIONAL UNIVERSAL SHIFT REGISTER 


The MC14194B is a 4-bit static shift register capable of operating 
in the parallel load, serial shift left, serial shift right, or hold mode. 
The asynchronous Reset input, when at a low level, overrides all 


4-BIT BIDIRECTIONAL 
UNIVERSAL SHIFT REGISTER 


other inputs, resets all stages, and forces all outputs low. When 
Reset is at a logic 1 level, the two mode control inputs, SO and $1, 
control the operating mode as shown in the truth table. Both serial 
and parallel operation are triggered on the positive-going transition 
of the Clock input. The Parallel Data, Data Shift, and mode control 
inputs must be stable for the specified setup and hold times before 
and after the positive-going Clock transition. 


Quiescent Current = 5.0 nA typ/pkg @ 5 Vdc 
Typical Shift Frequency = 9.0 MHz @ 10 Vdc 
Synchronous Right/Left Seria! Operation 
Synchronous Parallel Load 

Asynchronous Hold (Do Nothing) Mode 


Functional Pin for Pin Equivalent of 74194 L SUFFIX , P SUFFIX 


CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 620 CASE 648 





TRUTH TABLE 


INPUTS OUTPUTS ~ 
OPERATING (Reset = 1) (@ th + 1) 


| S1_| so | DSR | DSL | Dpos "| 20 | ar | a2 | 03 | 
oe ae 


ORDERING INFORMATION 


MC14XXXB Suffix Denotes 


a Ceramic Package 
P Plastic Package 
A Extended Operating 
Temperature Range 
C Limited Operating 
Temperature Range 


Shift Left 


Paraitel 





X = Don’t Care : 
tn+4 = State after the next positive-going transition of the clock. 





Vop = Pin 16 
Vss = Pin8 
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Output Voltage 
Vin = Vpp or 0 


‘ “1 Level 
Vin = Oor Vop 
Input Voltage* “O" Level 
(Vg = 4.5 or 0.5 Vde) 
(Vo = 9.0 or 1.0 Vde) 
(Vo = 13.5 or 1.5 Vde) 
“1” Level 
(VqQ'= 0.5 or 4.5 Vde) 
(Vo = 1.0 or 9.0 Vdc) 
(VO = 1.5 or 13.5 Vde) 

Output Drive Current (AL Device) 
(Von = 2.5 Vde) ~ Source 
(VoH = 4.6 Vdc) 

(VOH = 9.5 Ve) 

(VoH = 13.5 Vde) 

(VoL = 0.4 Vde) Sink 
(Vot = 0.5 Vde) 

(Vo = 1.5 Vde) 

Output Drive Current (CL/CP Device} 
(VOH = 2.5 Vde) Source 
(Vou = 4.6. Vdc) 

(VoH = 9.5 Vde) 

(Von = 13.5 Vde) 

(VoL =0.4Vde) —_— Sink 
(VoL = 0.5 Vde) 

(Vor = 1.5 Vde) 


Input Current (AL Device) . 
Input Current (CL/CP Device) 


Input Capacitance 
* (Vin = 0) 
Quiescent Current (AL Device) 
(Per Package) 


Quiescent Current (CL/CP Device) 
(Per Package) 


Total Supply Current* *t 
(Dynamic plus Quiescent, 
Per Package) 





zy 


os 
° 
a 


Vdc" 
Vdc 


0.05 
0.05 


-0.88 
-2.25 
88 
0.88 
2.25 
8.8 


0.36 
0.9 
2.4 


a 
ed ce 


(ocala et ee 
20 — 
40 
80 


17 = (0.95 BA/kKHz) f+ Ipp 
iy = (1.9 BA/kHz) f+ lop 
ip = (2.9 BA/KH2) f + IppD 


(C_ = 50 pF on all outputs, all 
buffers switching) ‘ 





This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
it is advised: that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages: to 
this high impedance circuit. For proper 
' operation it is recommended that Vin and 
Vout be constrained to the range Vsg < 
(Vin or Vout) < Vop.- 
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vss or Vpp). 


*Tlow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh = +125°C for AL Device, 85°C for CL/CP Device. 
SNoise immunity specified for worst-case input combination. 
Noise Margin for both 1° and 0" level = 1.0 Vdc min@Vpp = 5.0 Vde 
2.0 Vde min@ Vop = 10 Vde 
; 2.5 Vde min @ Vop = 15 Vde * 
tTo calculate total supply current at loads other than 50 pF: 
IT(CL) = 17 (50 pF) + 2 x 10-3 (Cy -50) Vopf 
where: I7 is in uA (per-package), C_ in pF, Vpp in Vdc, and f in kHz is input frequency. 
**The formulas given are for the typical characteristics only at 25°C. 
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MAXIMUM RATINGS (Voltages referenced to Vss) 


DC Supply Voltage 
input Voltage, All Inputs 
OC Current Drain per Pin 


Operating Temperature Range — AL. Device 
CL/CP Device 


Storage Temperature Range 


Output Rise and Fal! Time 
trt¢ = (1.35 ns/pF) CL + 32 ns 
tp, t¢ = (0.6 ns/pF) CL + 20 ns 
ty.t¢ = (0.4 ns/pF) Cy + 20 ns 


Propagation Delay Time 


Clock to Q 

tPLH-tPHL = (0.9 ns/pF) CL + 230 ns 
tPLH tPHL = (0.36 ns/pF) Cy + 92 ns 
tPLH-tPHL = (0.26 ns/pF) Cy + 72 ns 

’ Reset to 0 
tpHL = (0.9 ns/pF) Cy +305 ns 
teHL = (0.36 ns/pF) Cy + 122 ns 
tpHL = (0.26 ns/pF) Cy +97 ns 


Minimum Reset Pulse Width 
Maximum Clock Pulse Frequency 
(Shift Right or Left Mode) 


Maximum Clock Pulse Rise and Fail Time 


Setup Time’ 
Data to Clock 


Mode Control (S) to Clock 


Hold Time 
Data to Clock 


Mode Control (S) to Clock 


‘| Reset Removal Time** 


tf 


*The formulas given are for the typical characteristics only. 


| 


ae 


-55 to +125 
-40 to +85 


~65 to +150 


**The reset signal must be high prior to a positive-going transition of the clock. 
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FIGURE 1 — SWITCHING TIME TEST CIRCUITS AND WAVEFORMS 
Parallel Load Seriat Load 


Pulse 
Generator Generator 


NOTE: Interchange DSR with DSL and SO with 
$1 for testing shift left. 


Vop 


Vss 


Vop 


Vss 


VOH 


VOL 





FIGURE 2 — DYNAMIC POWER DISSIPATION 
TEST CIRCUIT AND WAVEFORMS 


Generator 
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Advance Information 


BINARY TO PHONE PULSE CONVERTER SUBSYSTEM 


The MC14408 and the MC14409 are devices designed to convert 
a four bit binary input code to a number of serial output pulses 
corresponding to the value of the input code. 

The devices can be used in telephone pulse dialing applications 
when combined. with their companion device, the MC14419 
'(2-of-8 keypad-to-binary code converter). The devices have been 
partitioned to allow convenient addition of RAM memory and 
controls for repertoire dialing applications. 

The MC14408 and MC14409 perform identical functions with 
the exception of the signal output at the DRO (Dial Rotating 
Output). In the MC14408, DRO remains high during continuous 
outpulsing of all digits and in the MC14409 DRO is low between 
each digit pulse burst. 

@ On-Chip Oscillator 

@ Diode Protection on All Inputs 

@ Dialing of Numbers Up to 16 Digits Long 

@ Memory Storage (FIFO) and Re-Dialing (single pin) of Last 
Telephone Number 

Hold Interrupt Control for Additional Interdigit Delays (such as 
a Wait for Intermediate Dial Tones) 

Selectable Dialing Rate (10 pps or 20 pps) , 

Selectable Interdigit Time (300 or 800 ms @ 10 pps; 

150 or 400 ms @ 20 pps) 

Selectable Make-Break Ratio (61% or 67%) 

Buffered Outputs Compatible with Discrete Transistor Driver 
Interface, One Low-power Schottky TTL Load or Two Low- 
power TTL Loads Over the Rated Temperature Range. 

Low Power Dissipation — Ipp (operating with oscillator) 
= 470 yA typ @ Vpp = 5.0 Vdc, fosc = 16 kHz, 

C_ = 50 pF 


BLOCK DIAGRAM 


O11 Outpulsing 


Binary 
Inputs 
02 
D 12 Dial Rotating 
D1 cRO T Output 
HOL 
J 


Hold 9 
Vop = Pin 16 
Call Request 13 Vss = Pin 8 


Control inputs Re-Dial 10 


Interdigit Time 14 
Make-Break Ratio 15 





‘This is advance information and specifications are subject to change without notice. 
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MC14408 
MC14409 


McMOS LSI 


(LOW-POWER COMPLEMENTARY MOS) 


BINARY TO PHONE PULSE 
CONVERTER SUBSYSTEM 


L SUFFIX PSUFFIX © 
CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 620 CASE 648 


PIN ASSIGNMENT 


This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vip and Voyt be 
constrained to the range Vgg < (Vin or 
Vout) < Vop- 

Unused inputs must always be tied to an 
appropriate !ogic voltage level (e.g., either 
Vss or Vpp). 





| mc14408 e Mc14409 =. | 


MAXIMUM RATINGS (Voltages referenced to Vss, Pin 8.) 


DC Supply Voltage 


Input Voltage, All Inputs ; 


DC Current Drain per Pin 
Operating Temperature Range 
Storage Temperature Range 





ELECTRICAL CHARACTERISTICS 


aes He 


supply Voge Sd | 
Output Voltage “O" Level 
“1° Level 

Noise Immunity ; 

(Vout < 0.5 Vde) 

(Vout < 0.5 Vde) 
Output Drive Current 

(VoH = 2.5 Vdc) Source 

(Von = 46 Vdc) 

(Vo_ =0.4 Vde) — Sink 


input Current 


Input Capacitance 


Operating Supply Current ; 160, 
fom =16kHz 470 
with 740 

Osc) 





FIGURE 1 — TIMING DIAGRAM — DATA AND STROBE INPUTS FIGURE 2 — TIMING DIAGRAM — CALL REQUEST 







Voo Vop 
Vpp , 
D1,D2,D3, (Power) 
or D4 Vss -Vss 


Vopb Vpp 





ST Vss Vss 





'f power is turned off after each cali, CRQ must stay high after 
power is applied (for a duration of tec) to ensure no spurious 
outpulsing. For this use the redial function is invalid. 
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_ SWITCHING CHARACTERISTICS (c, = 50 pF, Ta = 25°C) 


[—Cheroctoristio ————SSSS*dY'C*S mbt] 


Output Rise Time** ; 
ty = (3.0 ns/pF) Cy + 30 ns 


Output Fall Time** 
te = (1.5 ns/pF) Cy + 25 ns 


Power Up to Call Request Pause 3 to 


Call Request to First Strobe Pulse 3to6 
Strobe to Strobe Separation Time | ‘ 





Strobe Pulse Width 
Strobe to Data Hoid Time ; 
Clock Frequency 


Percent Break to Make Ratio 
(MBR = 0) 
(MBR = 1) 
Outpulsing Rate (fop_ = *fcrK/1.6) 
folk = 16 kHz 
. fcik = 32 kHz 
Interdigit Time 
tip = (5 x IDT + 3)/fopL 
IDT=0 
fopL = 10 pps 
foPL = 20 pps 


IDT =1 


fopL = 10 pps 
fopL = 20 pps 
Strobe to Output Time 
Initial Outpulsing Stream 
IDT =0 : 
fopL = 10 pps 
fopL = 20 pps 
IoOT =1 
fopt = 10 pps 
fopL = 20 pps 
. Continued Outpulsing Stream 
IOT =Oor1 
fopL = 10 pps 
fopL = 20 pps 
Hold to Outpulse Time 
IDT =Oor1 
fopL = 10 pps 
fopL = 20 pps 
Dial Rotating Overlap Time 
fopL = 10 pps. 
fopL = 20 pps 


. < 
0 


“foik in kHz ; 
**The formula given is for the typical characteristics only. 
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FIGURE 3 — PHONE DIALER SYSTEM TIMING DIAGRAM 


cra 
: tes tss 
1st (3)* : 2nd (2) 3rd (5) 
st APT TEE OR AE ae . 























—_— %MB = 100 —2— 
CcRQ B+M 
ST 4th (1) 
HOL 
DRO. | | 
OPL 
es tHOoL 





cRa Se gs | 














— Sth (6) . 6th (1) - aan 
HOL a ee 
DRO Stee Ye sy ee oe 
set ee 4 
tgoc 


Notes: 

(*)1st, 2nd, 3rd, etc., denotes Strobe pulse sequence — i.e., which digit 
in the phone number is being dialed. The number in parentheses de- 
notes the numerical value of the digit being dialed. The examples 
define the various voltage — level and timing requirements, not a 
complete phone number. “3 

(**)For the MC14408 the DRO signal will remain high provided digits 
remain in the memory, or a digit for continuing outpulsing is strobed 
in before the anticipated falling edge of the most significant digit in 
the memory. (i.e, [200-% MB] ms after the most significant out- 
pulsing edge). j 

(***)For the HOL signal to hold a next digit (e.g. the 4th, etc.,) the HOL 
falling edge must not appear after [typ-%MB + 100] ms the fast 
outpulsing edge of the previous digit. . 
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FIGURE 4 — COMPONENT SELECTION FOR 
OSCILLATOR/CLOCK FREQUENCY 


where foik in kHz, Lin mH, 


7.118 
Cc 


folk = J-L 
To Pin 1 To Pin 2 . C#=C1=C2 in pF 


Moi = -0.5 (%C+ %L} +3.0 where %fcoj,, %C, %L are 
L the frequency capacitor, and 
F inductor tolerances in per- 
se Se 


C1 cent. The +3.0% accounts 
for supply voltage and am- 
bient temperature variations, 


EXAMPLE. : 
OUTPULSING RATE 
L SL C=C1=C2 fope = fc/1.6 
5.0 mH +5.0 0.04 uF +5.0 16 kHz +8.0 =10 pps 
5.0mH | +5.0 0.01 uF +5.0 #32 kHz +8.0 =20 pps 





FIGURE 5 — TRUTH TABLE 


A INPUTS , F OUTPUTS 


1 (Steady State) 0 (Steady State) 


Number of pulses fir} of nth 1 During outpulsing 
digit = binary combination of O° Otherwise 
04, 03,02, 01.° : 


x Digits of number in memory 1 During outpulsing 
re-sent. 0 Otherwise 
1 After conclusion of 0 After conclusion of digit 
digit being outpulsed. being outpulsed 


300 ms Interdigit time 
800 ms Interdigit time 


61% (=1.6:1) Make-Break Ratio 
67% (~2:1) Make-Break Ratio 


fork = 16 KHz 





X = Don’t Care 
* With the exception of 
0000 which will give 10 pulses. : < 


t Refer to timing diagram Figure 3. 
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DEVICE OPERATION 


OSCILLATOR (Ose, Pin 1) 


This pin is an input to the internal oscillator and feed- 
back connection for the L-C 7-network. An external clock 
‘signal, if desired can be applied to Osc. 


CLOCK (CIk, Pin 2) 


This pin is an output from the internal oscillator and 
feedback connection for the L-C 7-network and provides 
the system clock for the MC14419 bounce eliminator 
circuitry. 


STROBE INPUT (ST, Pin 3) | 

This Strobe input, when high (ST = Vpp), signifies 
that the data at the D1, D2,'D3, and D4 inputs is valid, 
and enters the 4-bit number into the internal FIFO 
(First-In, First-Out) memory for subsequent outpulsing. 
The first strobe pulse after a call is requested (CRO 
= low) clears the memory of any previous number and 
enters the first digit of the new number. Successive 
strobe pulses will store up to a maximum of 16 digits in 
the internal FIFO memory, which ignores ali digits 
entered in excess of that amount until a new call is 
requested. 


DATA INPUTS (D4, D3, D2, D1, Pins 4, 5, 6, 7) 

These pins are the Data inputs to the internal memory. 
A binary coded digit number entered will result in an 
equivalent number of pulses at the OPL (outpulsing) 
output, except for the code 0000, which will outpulse 
10 pulses. 


NEGATIVE POWER SUPPLY (Vss, Pin 8) 


This pin is the negative power supply connection. 
Normally this:-pin is system ground. 


HOLD (HOL, Pin 9) 


When taken low (HOL = Vss), the Hold input disables 


the outpulsing at the completion of the digit being out- 
pulsed. When taken high, outpulsing res:-mes. This feature 
can be used in multi-dial-tone phone systems to provide 
longer interdigit pauses when necessary. 


RE-DIAL (RED, Pin 10) 

The Re-Dial input, when taken low (RED = Vgs) 
automatically outpulses the digits entered into memory 
after the last time a call was requested. 


OUTPULSING (OPL, Pin 11) 

The Outpulsing output sends out bursts of pulses 
equivalent to the digits of the telephone number stored in 
the memory. The duty cycle and interdigit time of the 
digit pulse bursts are controlled, respectively by the MBR 
(Pin 16) and IDT (Pin 14). 


DIAL ROTATING OUTPUT (DRO, Pin 12) 


The Dial Rotating (also known as “Off Normal’’) 
Output provides a signal which indicates that digit pulse 


bursts are being sent. In the MC14409, DRO goes high 


(Vpp) at the beginning of the first digit pulse burst and 
goes low (Vss) between succeeding consecutive digit - 
pulse bursts. In the MC14408, however, DRO goes high at 


the beginning of the first digit pulse burst and remains 


high until the last digit pulse burst of the telephone 
number has been sent (see Timing Diagram, Figure 3). 


CALL REQUEST (CRO, Pin 13) 

The Call Request input when taken low (CRQ = Vgs) 
resets internal counters and prepares the internal. logic to 
either accept new digit inputs to be dialed, or to re-dial 
(see RED, Pin 10) the digits stored in the memory. 


INTERDIGIT TIME (iDT, Pin 14) 


The interdigit Timing input determines the length of 
time between consecutive digit pulse bursts. See the 
Interdigit Time (typ) in the switching characteristics for 
the length of time. ; 


MAKE-BREAK RATIO (MBR, Pin 15) 

The Make-to-Break Ratio input controls the duty cycle 
of the digit pulse bursts at the OPL output. For MBR 
= Vpp. duty cycle = 67% low, 33% high; and for MBR 
= Vgs, duty cycle = 61% low, 39% high. 


POSITIVE POWER SUPPLY (Vpp, Pin 16) 
This pin is the package positive power supply pin. 
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MC 14408 @ MC 14409 


FIGURE 6— KEYPAD TO PULSE DIALER FLOW DIAGRAM 
| 






Pick-up Head-set | 


Dial-tone heard 


Keyboard buttons pressed * 
(previous number cleared). 
Dial tone stops with 1st digit, 
but receiver connects to. line 
after each digit sent. t 


Re-dial button pressed * 
(previous number held). 
Dial tone stops with 7st digit, 
but receiver connects to line 
after each digit sent. t 


Error, Error. 
Data entry error Too many digits put 
recognized by in (>16). Ignores 
person dialing. excess. 


Error. 
No number 
in memory. 


*A number can be interrupted between’ : 


Call made with success digits by use of the Hold Input. 
or busy signal. 


tWith the MC14408 the line connects after 


total outpuising has stopped. 
Hang-up Head-set 


FIGURE 7— PHONE DIALER SYSTEM 


MC14419 : MC14408, MC14409 
2-of-8 Keypad-to-Binary Encoder 


‘Binary-to-Phone Pulse Converter 


L=* 


*C2 
a: 


Vss 
Row 


Inputs 011 Outpulsing 


Column y ’ 12 Dial Rotating 
inputs Output®* 


Call Request 13 Vop = Pin 16 
_ Vpp = Pin 16 MC14408/409 nepidae Vss = Pin 8 
Vss = Pin8 Control Inputs ; : 
; ‘interdigit Time 14 Php etwannieach digit 
Make-Break Ratio. 15 pulsetrain, MC14408 
ORO stays high, 
MC 14409 DRO goes tow. 





*For Component Value Selection See Figure 4. 












Circuit diagrams utilizing Motorola products are incuded as a means 
of illustrating typical semiconductor applications; consequently, 
complete information sufficient for construction purposes is not 
necessarily given. The information has been. carefully checked and — 


is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such inférmation does not | 
convey to the purchaser of the semiconductor devices described any 
license under the patent rights of Motorola Inc. or others. 
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To 
Phone 
Lines 





FIGURE 8 — STANDARD K-500 TELEPHONE 


Diai Rotated 
{Off Normal) 


| I : 
Receiver | 
are 










| 
| 
| 
| 
[oe | 
Hookswitch My 
u1 (da) a | 
To AY v | 
Phone 0 x 
Lines ny +h 7 \ | 
ad _ K | 
Ringer | A : | 
“) Encapsulated 


pea L_ K-500 Circuitry _I 


MDA920 
(optional) 
endo s | 


Encapsulated 


an __K-600 Circuitry _| 


Re-dial 
(SPDT Momentary) 
Vpop-0 1 & Vgs 
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2-OF-8 TONE ENCODER 


The MC14410 2-of-8 tone encoder is constructed with comple- 
mentary MOS enhancement mode devices. !t is designed to accept 
digital inputs in a 2-of-8 code format and to digitally synthesize the 
high and low band sine waves specified by telephone tone dialing 
systems. The inputs are normally originated from a 4 x 4 matrix 
keypad, which generates 4 row and 4 column input signals in a 
2-of-8 code format (1 row and 1 column are simultaneously connected © 
to Vss). The master clocking for the MC14410 is achieved from a 
crystal controlled oscillator which is included on the chip. Internal 
clocks, which operate the logic, are enabled only by one or more 
row and column signals being activated simultaneously. The two 
sine wave outputs have NPN bipolar structures on the same substrate 
which allows for low output impedance and large source currents. 
Applications of this device include telephone tone dialing, radio and 
mobile telephones, process control, point-of-sale terminals, and 
credit card verification terminals. 


® Diode Protection on All Inputs 

@ Noise immunity = 45% of Vpp Typical 

@ Supply Voltage Range.= 4.4 Vdc to 6.0 Vdc 
e 


On-Chip Oscillator (Crystal or External Clock Source may be 
applied to Pin 10) 


On-Chip Pull-Up Resistors on Row and Column Inputs 


Designed with Multiple Key Lockout (Eliminates Need for Me- . 
chanical Lockout in Keypad) 


Two Sine Wave Generators On-Chip 


Frequency Accuracy +0.2% 

Low Harmonic Distortion. 

Single Tone Capability 

Fast Oscillator Turn-On and Turn-Off Times 


BLOCK DIAGRAM 


Sine Wave 
Generator 


Oscin. Oscitlator 


Oscillator and 
Connections Multiple Point A 


Oscout Key Disable 


Column | #30 £N 
inputs }120 3 Control Sine Wave 
Generator Band Out 
V.ipp = Pin 16 
Vsgs=Pin 8 
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CERAMIC PACKAGE 


(MC14410 


McMOS LS! 


(LOW-POWER COMPLEMENTARY MOS) 


2-OF-8 TONE ENCODER 


16 
4 


L SUFFIX P SUFFIX 


CASE 620 CASE 648 





PIN ASSIGNMENT 


This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to 
this high-impedance ‘circuit. A destruc- 
tive high-current mode may occur if Vin 
and Vout are not constrained to the range 
Vss (Vin OF Vout) < Voo- 


- Due to the sourcing capability of this 


circuit, damage can occur to the device if 
Vop is applied, and the outputs are sherted 
to Vsg and are at apeak sinewave voltage. 





PLASTIC PACKAGE 


: go 
i : 2 . : : 


MAXIMUM RATINGS (Voltages referenced to Vgg, Pin 8.) 


aa OT) 
OC Supply Vole [20 -0.5 to +6.0 | Vde | 


Input Voltage, All Inputs i Vde 


Operating Temperature Range i aS ~40 to +85 I, “Ser — 4 
Storage Temperature Range -65 to +150 pc 
























ELECTRICAL CHARACTERISTICS 




















Characteristic 





Output Voltage 
Pins 7 and 9 






Input Voltage 
(Vo = 4.5 or 0.5 Vdc) “0” Level 
(Vo = 0.5 or 4.5 Vdc) “1” Level 


Output Drive Current 
(VOH = 2.5 Vde) Source 
Pin7 
- Ping 
(VoL = 0.4 Vdc) = Sink 
Pin7 
. Pin 9 . 
Input Pull-Up Resistor Source Current Hie 
(Vin = O Vde) Pins 3-6, 11-14 


Input Capacitance Cin 
(Vin = 0 Vde) 


Quiescent Current 














Total Supply Current 
’ (Dynamic ptus Quiescent) 
(Ry = 15 kQ, f = 1 MHz) 
Low Band Output 
Voltage Swing Pin 2 Only 














Vipp mVpp 
44 St 600 500 600 750 
6.0 1000 900 1000 1 00 1150 
VHpp mVpp 
900 700 850 1000 1100 
1 a 1400 1200 1350 Par = | 
Low Band—High Band 
Voltage Differential ~ 
Low Band—High Band ~ Pin = = 
Output Impedance. 
Low Band—High Band. — Pin 2,15 fee a 
2nd thru 14th Harmonics P 
(RL = 15k) 
Maximum Clock Pulse Frequency 


Turn-on Time 
(Power on to oscillation) 





High Band Output 
Voltage Swing Pin 15 Only 
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MC14410 . 


TABLE 1 — FUNCTIONAL TRUTH TABLE ? TABLE 2 — OUTPUT FREQUENCY TABLE 


ACTIVE LOW INPUTS OUTPUTS 











Row Lines Column Lines Pin 2 Pin 15 
Pp None | xt dc tevet | dc tevel__ 
xs | None | de tever | oe lover _| 
Pp One tre te 
| Twoormore | One | de tevel, | fut 
. Lone | Twoormore | fut | dc tevel_ 





*See Table 2 
**X = Don’t care 





**All frequencies are accurate to +0.2% (crystal tolerance 
i ; not included). 


FIGURE 1 — TYPICAL SINE WAVE OUTPUT FIGURE 2 — TYPICAL FREQUENCY SPECTRUM 
(Pins 2 or 15, No External Filtering) ‘ (Pins 2 or 15, No External Filtering) 


Gain (~dB) 


Amplitude 





= | 
Time Fundamental Frequency 


FIGURE 3 — TYPICAL CRYSTAL CIRCUIT 


R¢ = 15 MQ + 10% 

CRYSTAL SPECIFICATION -_* Column tn 

Crystal Mode Parallel 
- Frequency 1 MHz + 0.1% 

Rs : 5402 typ High Band 


Co 7.0 pF typ MC14410 
Temperature Range -40°C to +85°C . 


Test Level 1 mw 
Test Set TS—330/TSM or Equivalent 


*‘Suggested Suppliers: Tyco, CTS Knight and Motorola Crystal Products. 
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MC14410 . 





FIGURE 4 — TYPICAL TELEPHONE INTERFACE APPLICATION 


Column 


4th Column 
Optional 


Low Band 
MC14410 
High Band 


R4 
ca ¢3 c2 C1 
O O o O 


Rectifier Assambly 
Telephone MOA92-4 
Terminals (optional) 


1N5233 | & 
6ov | 
I 


5 
| 


Transmitter Telephone 
Line 
Connections 


Receiver 


1 common 1 


; Interface 1 Switches | 
Note: Application using standard telephone keypad. Circuitry Jon Keypad | 


, 


FIGURE 5 — LOW LEVEL OUTPUT 
TONE GENERATOR APPLICATION 


{-40 4B Attenustion) 


Note: Application using Chomerics Keypads #ER21623 (4 rows x 3 columnd 
#ER21611 (4 rows x 4 columns) 


Circuit diagrams utilizing Motorola products are included as a means 
of illustrating typical semiconductor applications; consequently, 
complete information sufficient for construction purposes is not 
necessarily given. The information has been carefully checked and 








FIGURE 6 — BATTERY POWERED OPERATION 
(Driving Audio Speaker) , 


Acoustical 
Coupler 


Note: Application using Chomerics Keypads #ER21623 (4 rows x 3 cotumns) 
#ER21611 (4 rows x 4 columns) 


is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not 
convey to the purchaser of the semiconductor devices described any 
license under the patent rights of Motoroia Inc. or others. 
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MOTOROLA |. 
Semiconductors 
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BIT RATE GENERATOR 


The MC14411 bit rate generator is constructed with comple- 
mentary MOS enhancement mode devices. It utilizes a frequency 
divider network to provide a wide range of output frequencies. 

A crystal controlled oscillator is the clock source for the network. 
A two-bit address is provided to select one of four multiple output 
clock rates. 

Applications include a selectable frequency source for equipment 
in the data communications market, such as teleprinters, printers, 
CRT terminals, and microprocessor systems. 

Single 5.0 Vdc (+ 5%) Power Supply 

Internal Oscillator Crystal Controlled for Stability (1.8432 MHz) 
Sixteen Different Output Clock Rates 
50% Output Duty Cycle 

Programmable Time Bases for One of Four Muitipie Output Rates 
Buffered Outputs Compatible with Low Power TTL 

Noise Immunity = 45% of Vpp Typical 

Diode Protection on All inputs 


External Clock May be Applied to Pin 21 


McMOS LSI 


(LOW-POWER COMPLEMENTARY MOS) | 


BIT RATE GENERATOR 


L SUFFIX 
CERAMIC PACKAGE 
CASE 716 


CASE 709 





MAXIMUM RATINGS (Voltages referenced to Vsg. Pin 12.) 


oon naaruoan = 


~~ 2 ow 
Nv = © 


BLOCK DIAGRAM 


Vop @ Pin 24 
Vss * Pin 12 
Rate Select, 23 0 


- {Rate Selectg 220 





This device contains circuitry to protect 

i the inputs against damage due to high static 

Oscillator voltages or electric fields; however, it is 

Circuit advised that normal precautions be taken 

*Crystaloue 200 ; to avoid application of any voltage higher 

than maximum rated voltages to this high 

impedance circuit. For proper operation it 

oe is. recommended that Vin and Voyt be 

Reset 100 . constrained. to the range Vgg < (Vjn or 
Vout! < Vop- 

Unused inputs must always be tied to an 

appropriate logic voltage level (e.g., either 


'*See Figure 2 for typical crystal oscillator circuit. Bee Vss Or Vop). 
** Outputs go to “1” level upon reset. 


Crystaliy 210 





MC14411 





ELECTRICAL CHARACTERISTICS 


Characteristic Peel 


Supply Voltage 


Output Voltage “O” Level Vout 
“1” Level ial 
input Voltage anes 
(Vo = 4.5 or 0.5 Vdc) “0” Level 


(Vo=0.50r4.5Vde) “1 Level | Vin | 
Output Drive Current ; 

(VoH = 2.5 Vde) “Source Fal 

(Vo = 0.4 Vde) Sink 


Input Capacitance 
Vin = bs 


[aurescent Disipation Fa 


Power Dissipation* *t 
(Dynamic plus Quiescent) 
(CL = 15 pF) 


Output Fall Time 
te = (1.5 ns/pF) Cy + 47 ns 


Maximum Input Clock Frequency 





Vit 
Output Rise Time** 
t; = (3.0 ns/pF) Cy + 25 ns 


_ t For dissipation at different external load capacitance (C:_) refer to corresponding formula: 
Py(C_) = Pp + 2.6 x 10-5 (C, - 15 pF) Vpp2F 
where: Py, Pp in mW, C__ in pF, Vpp in Vdc, and f in MHz. 
“*The formula given is for the typical characteristics only. 


TABLE 1 — OUTPUT CLOCK RATES 





Output Rates (Hz) 


*F16 is buffered oscillator output. 


4 
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FIGURE 7 — DYNAMIC SIGNAL WAVEFORMS 





FIGURE 2 — TYPICAL CRYSTAL OSCILLATOR CIRCUIT 


Rate Select 


Bit Rate 
MC14414 ” Clock Outputs 


-20 
Xtalout 


Rg = 15 MQ210% 


é CRYSTAL SPECIFICATION 
’ Crystal Mode Paraltet 
1.8432 MHz +0.05% @ 13 pF 
Rs 540 22 max 
Co 7.0 pF max 
Temperature Range 0 to 70°C 
Test Level 1 mw 
Test Set TS — 330/TSM or Equivalent 


*Suggested Crystal Suppliers: Tyco, CTS Knight and Motorola 
Crystal Products. 





is believed to be entirely reliable. However, no responsibility is 
of illustrating typical semiconductor applications; consequently, assumed for inaccuracies. Furthermore, such information does not 
comptete information sufficient for construction. purposes is not convey to the purchaser of the semiconductor devices described any. 


necessarily given. The information has been carefully checked and 


Circuit diagrams utilizing Motoroia products are included as a means 






ticense under the patent rights of Motorola Inc. or others. 
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APPLICATIONS INFORMATION 

Typical applications of the Bit Rate Generator (BRG) 
include providing standard clock. frequencies for data 
communications equipment, and external synchronization 
of a BRG output to a data source. The synchronization 
is accomplished by releasing the Reset input of the BRG 
during a data transition of the data source. 

A typical data communication system is shown in 
Figure 3. In this example a standard frequency from the 
BRG is used for the clock input to the terminal transmitter 
and receiver (MC2257, MC2259). In a similar system the 
BRG, via Rate Select inputs, can provide up to 64 
standard data communications frequencies for a multiple 
frequency system. Some examples of equipment frequency 
requirements are shown in Table 2. 


FIGURE 3 — TYPICAL DATA COMMUNICATION 
TERMINAL BLOCK DIAGRAM 


Control 


Terminal 
Receiver 
MC2259 
Bus 
hg J Interface 
Terminal 
Transmitter 
MC2257 


Bit Rate 
Generator 


MC14411 
*Data Access Arrangement 





TABLE 2 — TYPICAL DATA COMMUNICATION 
EQUIPMENT BIT RATE FREQUENCIES ~ 


[FreavenoyWe] md 


Asynchronous Mode 
Teleprinters 
Printers, typewriters 
-CRT Terminals 
etc. 


Asynchronous Mode (high speed) 
Printers 
CRT Terminals : 
(i.e., Credit Card Verification, 
Personal Bank Checks, etc.) 


Synchronous Mode 
Such as Communication from 
Computer to Computer or 
Computer to Peripheral 
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UNIVERSAL LOW SPEED MODEM (0-600 bps) 


The MC14412 contains a complete FSK (Frequency-Shift Keying) 
modulator and demodulator compatible with both foreign (C.C.1.T.T. 
standards) and U.S.A. low speed (0 to 600 (bps) communication 
networks. 

On Chip Crystal Oscillator 
Echo Suppressor Disable Tone Generator 
Originate and Answer Modes 
Simplex, Half-Duplex, and Full Duplex Operation 
On Chip Sine Wave Generator 
Modem Self Test Mode ; 
Single Supply: Vpp = 4.75 to 15 Vdc FL, FP Suffix 
Vop = 4.75 to 6.0 Vde VL, VP Suffix 
Selectable Data Rates: 0-200, 0-300, 0-600 bps 
_ Post Detection Filter 
TTL or CMOS Compatible inputs and Outputs 


YPICAL APPLICATIONS: 
Stand Alone Low-Speed Modems - 
Built-In Low:-Speed Modems 
Remote Terminals, Acoustical Couplers 
Credit Verification 
Point of Sale 
Remote Data Collection 
Remote Process Control 
Radio Data Transmission 


@eeeeoeeoeeees @e @& 


Oscour 30 


1 MHz Clock 
Oscillator Divider 


Oscin 40 


7-Stage 
Frequency 
Counter 


Modulator 
Frequency 
Decoder 


Transmit 
Enable 120 


Transmit 


Data 110 


Mode 100 


‘Type 140 
Echo 130 


a eel Up 150 
Disable 


Yop <7 


Receive Data Rate 60 


eh 


Data Rate 
R iv am Buffered Post- 
ecewve: 70 - Output 
Register 


ata 


Self Test 20 
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MC14412 | 


McMOS LSI 


(LOWPOWER COMPLEMENTARY MOS) 


UNIVERSAL LOW SPEED 
(0-600 bps) 
MODEM 


L SUFFIX 
CERAMIC PACKAGE 


CASE 690 


P SUFFIX 
PLASTIC PACKAGE 


CASE 648 
ORDERING INFORMATION 


MC144XX Suffix Denotes 


: Ceramic Package 
Plastic Package 


_ Extended Operating 
Temperature Range 
Limited Operating 
Temperature Range 


BLOCK DIAGRAM 


Transmit Carrier 
9 (FSK Output) 


Sine Wave 
Generator 


Receive 
Carrier 


i Level 
Seer Change 
unter Detector 


oO ‘ Oemodulator |. 
D SreCrlon Decoder 
. Filter f 
Yoo 


Vop =Pin 16 
Vss = Pin 8 





‘ , 


MAXIMUM RATINGS (voltages rétecericed to Vgs, Pin 8) 


This device contains circuitry to protect 
the inputs against damage due to high static 


A a a ed eae ae es . voltages or electric fields; however, it is 
- Pit Md advised that normal precautions be taken 
Input Voltages, All Inputs i Vop +0.5to to avoid application of any voltage higher 
; Vsg -0.5 than maximum rated voltages to this high 
OC Current Drain per Pin impedance circuit. For proper operation it 
(except Pin 8, 7) is recommended that Vin and Voyt be 
: : _ constrained to the range Vsg < (Vin or 

| Vout) < Vop. 


~40 to +85 Unused inputs must always be tied to an 


-65 to +150 appropriate logic voltage level-(e.g., either 
Vgs or Vpp). 





Output Voltage 
Vin = Vpp or 0 


“1" Level | 
Vin =00r Vop 


Input Voltage* “O" Level 
(Vo = 4.6 or 0.5 Vde) 
(Vo = 9.0 or 1.0 Vde) 
(Vo = 13.5 or 1.5 Vde) 


“1” Level 
(Vo =.0.5 or 4.5 Vde) 
(Vo = 1.0 or 9.0 Vde) 
(Vo = 1.5 or 13.5 Vde) 


= eco 
: oo 
a Raa 


2 
° 


Pins 12,15 


Output Drive Current : 
(Von = 2.5) (Pin 7) 
(Von = 9.5) 

(Vou = 13.5) 
(Voi = 0.4) 
(Vo = 0.5) - 
(Voz = 1.5) 


[input Curent in 18=Voo) | tw | - | — 


input Pull-Up Resistor Source Current 
(Pin 15 = Vgg, Vin = 2.4 Vde) 
Pins 1,2,5,6,10,11,12,13,14 


FTapueconectance sd Gs | = | - | - | 


-Total Supply Current 
(Pin 15 = Vpp) 


> 
°o 


Modulator/Demodulator Frequency 
Accuracy — 


(Excluding Crystal) 


Transmit Carrier Output. , 
2nd Harmonic. . 
Transmit Carrier Output 
Voltage (Ri = 100 k2) 
(Pin 9) 
“*DC Noise Immunity (Vit. Vin) is defined as the maximum voltage change from an ideal “0” 


or ‘'1"’ input level, that the curcuit will withstand before accepting an erroneous input. 
**Note: Only 5-Volt specifications apply to MC14412VL and MC14412VP devices. 
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PIN ASSIGNMENT 


Reset 
Rx Rate 
Rx Data 


Vss 


ononanr wn = 





Transmit Data 


——— 
Parallel Format 


Data Flow 
—_—— 


Terminal - Telephone - 
Transmitter Modulator Buffer Duplexer Network 


MC14412 


Bandpass 
Terminat 


7 Demodutator . eer 
Receiver and Limiter 


Receive Data 
Paraliel Format 


“CRYSTAL SPECIFICATION 1.0 MHz 


Crystal * 
Crystal Mode — Paratlel thi 


Frequency — 1 MHz + 0.1% 

Rg = 540 2 typ 

Co = 7 pF typ 

Temperature Range -40°C to+85°C 

Test Level —- 1 mW 

Suggested Crystal Suppliers 
Tyco, CTS Knight and : 
Motorola Crystal Products. Modulator 


Re = 15 MQ +t 20% 
To . To 
Data Terminal Control Telephone 
Equipment : : Network 


Demodulator 


Rx Data Rate 
Reset 
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GENERAL 


Figure 1 shows the modem in a system application. 
The data to be transmitted is presented in serial format 


to the modulator for conversion to FSK signals for trans- . 


_ mission over the telephone network. The modulator out- 
put is buffered/amplified before driving the 600 ohm 
telephone line. 

The FSK signal from the remote modem is received via 
the telephone line and filtered to remove extraneous 
signals such as the local Transmit Carrier. This filtering 
can be either a bandpass which passes only the desired 
‘band of frequencies or a notch which rejects the known 
interfering signal. The desired signal is then limited to pre- 
serve the axis crossings and fed to the demodulator where 
the data is recovered from the received FSK carrier. 


INPUT/OUTPUT FUNCTIONS 

Figure 2 shows the !/O interface for the MC14412 
‘tow-speed modem. The following is a sdescripuen of each 
individual signal. 


TYPE (Pin 14) 

The Type input selects either the U.S. or C.C.1.T.T. 
operational frequencies for both transmitting and receiving 
data. When the Type input = “1”, the U.S. standard is 
selected and when the Type input = ‘0’, the C.C.I.T.T. 
standard is selected. 


TRANSMIT DATA (Tx Data, Pin 11) 
Transmit Data is the binary information input. Data 
entered for transmission is modulated using FSK tech- 
niques. When operating in the U.S. standard (Type = ‘’1’’) 
a logic ‘1°’ input level represents a Mark or when oper- 


ating in the CCITT standard (Type = 0”) a logic “1”. 


input level represents a Mark. 


TRANSMIT CARRIER (Tx Car, Pin 9) 

The Transmit Carrier is a digital-synthesized sine wave 
derived from a 1.0 MHz oscillator reference. The frequency 
characteristics are as follows: 


United States Standard Type = "1" 
~. Echo = “0”. 


[Mode [Tx Data [Tx Car ] 


“4""1 1270 Hz 





Type = “Q" 
Echo = “0” 


C.C.I.T.T. Standard 





DEVICE OPERATION 


Echo Suppressor Type = “0” 
Disable Tone: Echo = “1” 


[Chan No.2" "1" __ [2100 


TRANSMIT ENABLE (Tx Enable, Pin 12) 

The Transmit Carrier output is enabled when the Tx 
Enable input = “1°. No output tone can be transmitted 
when Tx Enable = “0”. 


MODE (Pin 10) 

The Mode input selects the pair of transmitting and 
receive frequencies used during modulation and demodu- 
lation. When Mode = “1”, the U.S. originate mode is 
selected (Type input = “1”) or the C.C.I.T.T. Channel 
No. 1 (Type input = 0’). When mode = “0”, the U.S. 
answer mode is selected (Type input = ‘1’) or the 
C.C.I1.T.T. Channel No. 2 (Type input = “0”). 


ECHO (Pin 13) 


When the Echo input = 1" (Type = “0”, Mode = “0”, 
Tx Data = 1") the modulator will transmit a 2100 Hz 
tone for disabling line echo suppressors. During normal 
data transmission, this input should be low = “0”. 


RECEIVE DATA (Rx Data, Pin 7) 


The Receive Data output is the digital data resulting 
from demodulating the Receive Carrier. 


RECEIVE CARRIER (Rx Car, Pin 1) 

The Receive Carrier is the FSK input to the demodu- 
lator. This input must have either a CMOS or TTL com- 
patible logic level input (see TTL pull-up disable) at a 
duty cycle of 50% + 4%, that is a square wave resulting 
from a signal limiter. 


RECEIVE DATA RATE (Rx Rate, Pin 6) © 


The demodulator has been optimized for signal to noise 
performance at 200, 300, and 600-bps. 


Data Rate —-— Rx Rate ‘Type 


9) » 200 bps eaqire "0" 
0 é 300 bps “4 ae Ah | a” 


0 a 600 bps . “90” 4 ” 


SELF TEST (ST, Pin 2) 

When a high jevel (ST = “1°’) is placed on this input, 
the demodulator is switched to the modulator frequency 
and demodulates the transmitted FSK signal. 
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DEVICE OPERATION (continued) 


RESET (Pin 5) 

This input is provided to decrease the test time of the 
chip. In normal operation, this input may be used to 
disable the demodulator (Reset = 1”) — otherwise it 
should be tied low = “0”. 


CRYSTAL (Oscjn, Oscoyt,.Pin 4, Pin 3, respectively) 


A 1.0 MHz crystal is required to utilize the on chip 
oscillator. A 1.0 MHz square wave clock can also be 
applied to the Oscjn input to satisfy the clock require- 
ment (see Figure 2). 


When utilizing the 1.0 MHz crystal, external parasitic 
capacitance, including crystal shunt capacitance, must be 
<9 pF at the crystal input (pin 4). 


TTL PULL-UP DISABLE (TTLD, Pin 15) 

To improve TTL interface compatibility, all of the 
inputs to the MODEM have controllable P-Channel devices 
which act as pull-up resistors when TTLD input is low 
(“0”). When the input is taken high (‘1’) the pull-up 
is disabled, thus reducing power dissipation when inter- 
facing with CMOS. 


FIGURE 3 ~ M6800 MICROCOMPUTER FAMILY 
BLOCK DIAGRAM 


MC6800 
Microprocessor 


Address Data 
Bus 


Bus 


FIGURE 4 — TRANSMIT CARRIER 
SINEWAVE 


Amplitude 


Time 








Read Only 
Memory 


Random 
Access 
Memory 


interface 

Adapter 
MC 14412 
Modem 


FIGURE 5 — TYPICAL TRANSMIT CARRIER. 
FREQUENCY SPECTRUM. 


-40 


Gain (dB) 


~60 





Frequency 


Harmonic 
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MC14415, 


QUAD PRECISION TIMER/DRIVER 


The MC14415 quad timer/driver is constructed with compie- 
mentary MOS enhancement mode devices. The output pulse width 
of each digital timer is a function of the input clock frequency. 
Once the proper input sequence is detected the output buffer is set 
(turned on), and after 100 clock pulses are counted, the output 
buffer is reset (turned off). 

The MC14415 was designed specifically for application in high 
speed line printers to provide the critical timing of the hammer 
drivers, but may be used in many applications requiring precision 
pulse widths. 

‘Four Precision Digital Time Detays 

Schmitt Trigger Clock Conditioning 

NPN Bipolar Output Drivers 

Timing Disable Capability Using Inhibit Output 

Positive or Negative Edge Strobing on the Inputs 

Synchronous Polynomial Counters Used for Delay Counting 


Power Supply Operating Range 
= 3.0 Vde to 18 Vde (MC14415EFL/FL/FP) 
= 3.0 Vdc to 6.0 Vde (MC14415EVL/VL/VP) 


McMOS LSI | 


(LOW-POWER COMPLEMENTARY MOS) 


QUAD PRECISION 
TIMER/DRIVER 


L SUFFIX 
CERAMIC PACKAGE 
CASE 690 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 





MAXIMUM RATINGS (Voltages referenced to Vgg, Pin 8) 


DC Supply Voltage . 
— MC14415EFL/FL/FP +18 to -0.5 
— MC14415EVL/VL/VP +6.0 to -0.5 


input Voltage, All Inputs Vi 


DC Current Drain per input Pin 
DC Current Drain per Output Pin 


in 
Operating Temperature Range TA 
= MCI4415EFL/EVL ; 
— MC14415FL/FP/VL/VP 


Storage Temperature Range : 


PIN ASSIGNMENT _ 


014 Output A 
Output 013 Output B 
Buffers O12 Output C 

O11 Output D> 


ORDERING INFORMATION 


MC14415 Suffix Denotes 
Le L Ceramic Package 
P Plastic Package 
F *Extended Operating 
: Voltage Range 
Vv *Limited Operating 
: Voitage Range 
Blank **Standard Operating — 
Temperature Range 
E **Extended Operating 
Temperature Range 


Divide-By- 
100 
Counters 


Strobe 2 


Strobe 1 Common 


Conditioning , Vop = Pin 16. 
Input Disable 10 O Logic . Circuit. Vgg =Pin8 


Output Set 20 


Clock 10 : 
Output Inhibit 15 O *See Features (above, left) 


**See Maximum Ratings 
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. MC14415 ; : 


ELECTRICAL CHARACTERISTICS 


Output Voltage “0” Level Vout 
(No Load} 


“1” Level 


Noise Immunity 
(4Voyt < 1.5 Vde) 
(4Vout < 3.0 Vde) 
(4Vout < 4.5 Vde) 


(AVout < 1.5 Vde) 
(4Vout < 3.0 Vde) 
(4Vout < 4.5 Vde) 

Output Drive Voltage (NPN Driver) 
(lop = OmA) Source 
(IoH = 5.0 mA} 

(lon = 10 mA 
(loH = 15 mA) 
(low = OMA) 
(19H = 5.0 mA) 
(oH = 10 mA) 
(Igy = 15 mA) 
(toH = 0 mA) 
(lon = 5.0 mA) 
(19H = 10 mA) 
(oH = 15 mA) 

Output Drive Current ; 
(Voz = 0.4 Vdc) Sink, 
(Voz = 0.5 Vdc} 

(Voz = 1.5 Vde) 


Input Leakage Current 


Input Capacitance | Cin 
(Vin = 0) 
Quiescent Dissipation 


< 
2 
=x 


< 

° 

: x= 
Ts.) << 


Power Dissipation ** 

(Dynamic pius Quiescent) : 

(CL = 15 pF) Pp = (56 mW/MHz) f + Po 
Pp = (225 mW/MHz) f + PQ 
Pp = (510 mW/MHz) f + Pq 





*Tlow = -55°C for MC14415E FL, EVL; -40°C for MC14415FL,FP,VL,VP 
Thigh= +125°C for MC14415EFL,EVL; +85°C for MC14415FL,FP,VL,VP 


**The formula given is for the typical characteristics only. 


This device contains circuitry to protect the inputs against damage due to high static voitages or electric fields; 
however, it is advised that normal precautions be taken to avoid application of any voltage higher than maximum 


rated voltages to this high impedance circuit. For proper operation it is recommended that Vj, and Vout be 
constrained to the range Vsg < (Vin or Vout) < Vop. - 
Unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vgg or Vpp). 
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SWITCHING CHARACTERISTICS. (c, = 15 pF, Ta = 25°C) 


Output Rise Time* 
tp = (2.0 ns/pF) Cy + 10 ns 
te = (1.25 ns/pF) Cy + 6 ns 
te = (1.10 ns/pF) Cy + 3ns 
Output Fall Time* 
te= (1.5 ns/pF) Cy + 47 ns 
te= (0.75 ns/pF) CL + 24 ns 
tr = (0.55 ns/pF) Cy + 17 ns 
Turn-Off Delay Time* 
tPLH = (2.7 ns/pF) Cy + 560ns 
teLH = (1.2 ns/pF) Cy + 282 ns 
teLH = (0.91 ns/pF) Cy + 286 ns 
Turn-On Delay Time* 
tPHL = (2.4 ns/pF) CL + 564ns 
tpHL = (1.0 ns/pF) Cy + 285 ns 
tpH_ = (0.75 'ns/pF) CL + 289 ns 
Turn-On Delay Time (Inhibit to Output) 


+ 
3 


fue 
18 














: 
or 









150 


Ww 
oi 
I fo] 
oO 









600 1200 


3 
13 









600 1200 


w 
3 
D 
o 
°o 













Turn-Off Delay Time (Inhibit to Output) 


w& 
So 
oO 
bas faa | 


Minimum Input Pulse Coincidence (Figure 3) 


500 


Minimum Input Pulse Width (Figure 1) 


Maximum Input Clock Frequency 


| Clock Input Rise and Fall Times (Figure 1) 


. 
a 


*The formula given is for the typical characteristics only. 


FIGURE 1 — SWITCHING CHARACTERISTICS — WAVEFORM FIGURE 2 — AMBIENT TEMPERATURE 
RELATIONSHIPS POWER DERATING 


20 ns 


PLASTIC OR CERAMIC 
PACKAGE 


input 


tPLH 


Output 





- Clock 


Pp, MAXIMUM POWER DISSIPATION (mW) 
(Per Package) 





Output 





Ta, AMBIENT TEMPERATURE (°C) 
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FIGURE 3— TYPICAL OPERATION MODES AND FUNCTIONAL TIMING DIAGRAM 


MODE 1 — OUTPUT SET INITIATES TIME DELAY MODE 2: SET A INITIATES TIME DELAY 


input Disable | Input Disable J i 
Strobe 2 / \ Strobe 2 ~T 
Strobe 1 Strobe? \ / 


Minimum Coincidence = 
SetA 50% 500 ns @ Vpp = 4.75 Vde 







Minimum Coincidence = 
500 ns @ Vop = 4.75 Vde 





SetA 


Output Set Output Set 


Output Inhibit Output Inhibit 





Clock Ctock 
Output A Output A — pe 
tPLH. tPHL 
MODE 3: OUTPUT INHIBIT DISABLES TIME DELAY MODE 4: POSITIVE-EDGE STROBE (ST2) INITIATES TIME DELAY 


Input Disable J tnput Disable j 
Strobe DN cs nS Strobe 2 


Strobe 1 Be Ween i BE Ae Strobe 1 Minimum Coincidence = 


500 ns @ Vnp = 4.75 Vde 


SetA SetA 


Output Set 
Clock 


Output Set 


{Output inhibit 


Clock Output A 





Output A 





tPLH — tPHL 






tPLH tPHLI  tpLHI tPHL. 
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' SetB 40 


Set C §°0 
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y 
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LOGIC DIAGRAM 
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2-OF-8 KEYPAD-TO-BINARY ENCODER 


The MC14419 is designed for phone dialer system applications, 
but finds many applications as'a keypad-to-binary encoder. The 
device contains a 2-of-8 to binary encoder, a strobe generator, and 
an illegal state detector. The encoder. has four row inputs and four 
column inputs, and is designed to accept inputs from 16 keyswitches 
arranged in a 4 x 4 matrix. For an output on the four data lines, one 
and only one row along with one and only one column input line 
must be activated. All other combinations are suppressed by the 
illegal state detector to eliminate false data output. 

The strobe generator produces a strobe pulse when any of the 
10 keys corresponding to numerals 0 through 9 are depressed. The 
strobe output can be used to eliminate erroneous data entry due to 
contact bounce. For a strobe output to occur, the key row and 
column input tines must remain stable for 80 clock pulses after 
activation. When the contact bounce has settled and 80 clock pulses 
have occurred, the output will be a single strobe pulse equal in 
width to that of the clock low state. The strobe generator will 
Output one and only one pulse each time a numerical key is de- 
pressed. After the’ pulse has occurred, noise and bounce due to 


contact break will not cause another strobe pulse. With a 16 kHz 


input clock frequency, the pulse occurs 5 ms after the last bounce. 


Suppressed Output for illegal Input Codes 
On-Chip Puliup Resistors for Row and Column {nputs 
Clock Input Conditioning Circuit 
Low Current Drain in Standby Mode 
5.0 uA Typical @ 5.0 Vdc i 
Subsystem Complement to the MC14408/14409 Phone 
Pulse Converter 
Codes for Numbers 0-9 Produce a Strobe Pulse 


BLOCK DIAGRAM 


BCD Strobe 
Detector Generator 


onogar wan = 


14 Strobe 


2-of-8 
to ‘ 
Binary . 
Encoder 
and 
HHegal 
Code 
Detector. 
Vpop = Pin 16 
Vsgs = Pin 8 
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MC14419 


McMOS MSI 


(LOW-POWER COMPLEMENTARY MOS) 


2-OF-8 KEYPAD-TO-BINARY 
ENCODER 


16 
a 


L SUFFIX P SUFFIX 
CERAMIC PACKAGE: PLASTIC PACKAGE 
CASE 620 - . CASE 648 


PIN ASSIGNMENT 


Vop = Pin 16 
Vsg = Pin 8 


This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
. advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vin and Voy be 
constrained to the range Vgg < (Vin or 


Vout) < Vpp: 





MAXIMUM RATINGS (Voltages referenced to Vgg, Pin 8.) _ 


OC Supply Voltage Vop 


Input Voltage, All inputs Vin 


DC Current Drain per Pin ae 
Operating Temperature Range Ta -40 to +85 


Storage Temperature Range -65 to +150 





ELECTRICAL CHARACTERISTICS 


Characteristic 


Supply Voltage Operating Range Vop 





Output Vottage “O*' Level 
“1” Level 
Input Voltage 0" Level 
(Vo = 4.5 or 0.5 Vdc) 
“41" Level 
(Vo = 0.5 or 4.5 Vdc) 


Output Drive Current 
(VoH = 2.5 Vdc) Source 
(VoL = 0.4 Vdc) = Sink 
tnput Leakage Current 
(Vin = Vpp) 
Pullup Resistor Source Current 


(Row and Column Inputs) 
(Vin = Vss) 


Standby Supply Current ; << — 
(fetock = 16 kHz, No Keys ; os 
Depressed) ; se 


Standby Supply Current as.a Ipps = 0.09 wA/kHz + 3.0 uA 
Function of Clock Frequency* 
(No Keys Depressed) 


*The formula given is for the typical characteristics only. 


SWITCHING CHARACTERISTICS (C, = 50 pF, Ta = 25°C) 


Characteristic | Symbol | Ypo | Min | Tve | Max | Unit 


Output Rise and Fall Times, D1 thru D4 (Figure 1) 





Propagation Delay Time, Row or Column Input to ; tPLH, 
Data Output (Figure 1). tPHL « 
Sink Cs EsaeT ane p rar [sowso, 40 | we | 0 | Ka | 


(A) MOTOROLA Semiconductor Products Inc. 


K.9N9 


FIGURE 1 — SWITCHING TIME WAVEFORMS FIGURE 2 — TYPICAL STROBE PULSE DELAY TIMES 


PREF tst* 
Clock Frequency | Strobe Pulse Delay Time 
kHz ms 


4.0 20 


8.0 ; 10 

16 5.0 
32 2.5 
80 1.0 


“to7T = (1/PRF) © 80, with PRF in kHz, tgy in ms. 





FIGURE 3 ~- STROBE GENERATOR TIMING DIAGRAM 


Contact 
Break 
Bounce 


Row or : 
Column 
Input 
een aes PWsy"* 
Strobe Generator 80 Clock 
Output . Pulses : ; 


**PWoszy = Strobe Pulse Width = Low State Clock Pulse Width (PW, ). 





TRUTH TABLE 


|___Row | Column 
Key** | R4 R3R2AI | C4C3C2C1 | D403 0201 
11 1 «0 1 1 


























—~ 2 w2 B10 OO Of @ @ ow afer a ow 
wan ale ann alooodo]- 34 
aot a aia wa fa ow a alo oo 
2 CO aw wale O aA wlan Oo wala O 
2 0 wf2a 2 Oo af 3 O afw = Oo 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1) 
i) 
0 
Q 





All Other Combinations 


**See Figure 4 for keypad designation. © 


(MA) MOTOROLA Semiconductor Products inc. 


5-203 











C14419 — 
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FIGURE 4 — TYPICAL KEYPAD INTERFACE APPLICATION 


Keypad with DPST 
N.O. Switches 


‘Column 


MC14419 


Keypad with SPST 
N.O. Switches 


Column 


Row 


Common 


Vss 


FIGURE 5 — PHONE DIALER SYSTEM 


Mc14419 MC 14408, MC14409° 
2-of-8 Keypad-to-Binary Encoder Binary-toPhone Pulse Converter 


fotk = 16 KHz L=5mH 


Row O11 Outpulsing 


Inputs 


From 
Keypad 
O12 Diat Rotating 


Column 
Output* 


Inputs 


Oran BWDHD = 


Call Request 13 


= Pin Es ontr npu : . ‘ << 9% 
as Interdigit Time 14 Vgs=Pin 8 
* Between each digit 
pulsetrain, MC14408 
DRO stays high, 
MC14409 DRO goes low. 


| 
| Make-Break Ratio 15 
| 


Circuit diagrams utilizing Motorola products are included as a means is believed to be entirely reliable. However, no responsibility is 
of itlustrating typical semiconductor applications; consequently, assumed for inaccuracies. Furthermore, such information does not 
complete information sufficient for construction purposes is not convey to the purchaser of the semiconductor devices described any 
necessarily given. The information has been carefully checked and license under the patent rights of Motorola Inc. or others. 
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3-1/2 DIGIT A/D LOGIC SUBSYSTEM 


The MC14435 A/D Logic is designed specifically for use in 
a dual-slope integration A/D converter system. 

The device consists of 3-1/2 digits of BCD counters, 13 memory 
latches, and output multiplexing circuitry. An internal clock oscil- 
lator is provided to generate system timing and to set the output 
multiplexing rate. A single capacitor is required to set the oscillator 
frequency. 


On-Chip Clock to Control Digit Select, Multiplexing, and BCD 
Counters Simultaneously 
Multiplexed BCD Output 


Built-In 100-Count Delay for Accurate System Conversion of 
Low-Level Inputs 


System Over-Range Output 


- Linear Companion Device Available From Motorola 
(MC1405L/1505L) : 
Supply Voltage Range = 3.0 Vdc to 18 Vdc (MC14435 EFL/FL/FP) 
= 3.0 Vde to 6.0 Vde (MC14435EVL/VL/ VP) 


OC Supply Voltage : 
— MC14435 EFL/FL/FP 
— MC14435EVL/VL/VP 


DC Current Drain per Pin 


Operating Temperature Range MC14435EFL/EVL Ta -55 to +125 
, MC14435F L/FP/VL/VP ~40.to +85 


Storage Temperature Range 


Ds1 

a Digit 
OS2 Selects 
OS3 


ao 
Multiplexing ai BCD 
Gates a2 f Outputs 
Q3 


8co 
Counter 


Display 
Update 
Comparator . ” Overrange 


Ramp 
Control 


Vpo = Pin 16 © igi 

10 1/2 Digit 

Vss = Pin 8 2 
Note: MC1505/1405 A/D Converter Subsystem 

recommended for linear front end. . 





5-905 | 


McMOS LSI | 


(LOW-POWER COMPLEMENTARY MOS) 


3-1/2 DIGIT A/D LOGIC 
SUBSYSTEM 


16 
1 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 


PLASTIC PACKAGE 
CASE 648 


PIN ASSIGNMENT 


On on F&F WN = 


ORDERING INFORMATION 


MC14435 Suffix . Denotes 
i= L Ceramic Package 

, P Plastic Package 
F *Extended Operating 

Voltage Range 

~V *Limited Operating 

Voltage Range 
Blank **Standard Operating 
Temperature Range 
E **Extended Operating 
Temperature Range 


*See Features (above, left) 
**See Maximum Ratings 





3 
c10 
4 


Display 6 
Update O 
(DOU) 


Comparator 5 
(Comp) O 


FUNCTIONAL DIAGRAM 


Clock 
c2 O-——_——“|_. 


This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to. avoid application of any voltage higher 
than maximum rated voitages to this high 


. impedance circuit.-For proper operation it 


mission 


i ea Gates 


ST 


4 
Trans- 
mission 


2 Overrange 
(OR) 


> 7 Ramp Control 
(RC) 


S 10 4/2 Digit 
(1/2 D) 


is recommended that Vjn and Voyt be 
constrained to the range Vss < (Vin or 
Vout) < Vop- . 
Unused inputs must always be tied to an 
appropriate logic voltage ‘evel (e.g., either - 


Vsg or Vpp). 
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- Symbol | Vde 


Output Voltage “0” Level Vout 


“1" Level 


Noise Immunity 

CA Vout < 1.5 Vde} 
(A Vout < 3.0 Vdc} 
(A Vout < 4.5 Vde) 


(A Vout < 1.5 Vde) 
(A Vout < 3.0 Vde) 
(A Vout < 4.5 Vde) 
Output Drive Current 
Source — All outputs 
(Von = 2.5 Vde) 
(Von = 9.5 Vde) 
(Von = 13.5 Vde} 
Sink — DSi, DS2, OS3 
(VoL = 0.4 Vde) 
(Voz = 0.5 Vde) 
(VoL = 1.5 Vde) 

Sink — Q0, Q1, Q2, A3 
(VoL = 0.4 Vde) 
(VoL = 0.5 Vde) © 
(VoL = 1.5 Vde) 
Sink — 1/2D, RC, OR 
(VoL = 0.4 Vde) 
(VoL = 0.5 Vde) 
(VoL = 1.5 Vde) 


7 Input Current j 


Input Capacitance 

* (Vin = 0) 
Quiescent Dissipation 
(Comp Input Low) 


< 
2 
x 


Dynamic Power Dissipation 
(Comp Input High) 





L 
5 





*Tiow =-55°C for MC14435 EFL, EVL; -40°C for MC14435F L, FP, VL, VP. 
Thigh = +1259C for MC14435 EFL, EVL; +85°C for MC14435 FL, FP, VL, VP. 
**Only 5 volt specifications apply to MC14435 EVL, VL, VP devices. 
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SWITCHING CHARACTERISTICS (CL = 15pF, Ta = 25°C) ; a 
> : Vop Typical ne 
: _ Characteristic . Vdc Alt Types Unit - 
Output Rise and Fall Time ; 100 
5I 
: . : 40 


Propagation Delay Time 
(Comp to all Outputs) * 





Propagation Delay Time ~ 
(Clock to RC) 


Propagation Delay Time 


(Clock to Digit Selects. 
or Q outputs) 


Display Update Pulse Width 


. OPERATING CHARACTERISTICS 


The MC14435 contains the clock, BCD counters, goes high, switching the integrator input from the un- 
latches, BCD multiplexing, and contro! circuitry for a known current to the reference current. When the inte- - 
3-1/2 digit A to D converter. In conjunction with the grator output falls below the threshold level the comparator | 
-MCi505 analog subsystem a multiplexed A to D can be line goes low, inhibiting the clock and ending the con- ° 
implemented in three 16-pin packages as shown in Figure 5. version cycle. The BCD content of the counters is then 

. Two connections are required between the analog sub- strobed into the tatches, the counters reset, and the con-. 
system (MC1505) and the logic subsystem (MC14435). version cycle starts over. 

These two connections are the comparator input (Comp) After the RC line goes high, the next 100 pulses are 
and the ramp contro! output (RC) of the MC14435. The subtracted, compensating for the offset produced by the 
clock and counters operate whenever the comparator line ‘analog subsystem. The three BCD latch outputs are multi- 
is high. After 1000 counts from the clock, the RC output plexed into a single 4-line output. The multiplex frequency 


(AA) MOTOROLA Semiconductor Products Inc. 


R.9NR 


| | Mc 14435 : | | | 


is-the same as the clock frequency. 

The internal oscillator requires a capacitor between 
pins 3 and 4. Figure 1 shows a curve of output frequency 
versus capacitance value for determining the desired system 

_Clock frequency. An external clock oscillator may be 
used by removing the clock capacitor and connecting 
the external signal to pin 3 (negative edge trigger), or- 
pin 4 (positive edge trigger). 

The Display Update input (DU) is used to control the 
rate of display of the BCD multiplexed outputs. If the DU 
input is held high, the system makes conversions contin- 
uously and strobes each conversion into the memory 
latches to be multiplexed out. If the DU input is held low, 
_ after one conversion has been entered into the latches, all 


OUTPUT MULTIPLEX TIMING DIAGRAM 





FIGURE 1 — TYPICAL OSCILLATOR FREQUENCY versus 
EXTERNAL CAPACITOR VALUE 


0.01 








Ce, CAPACITANCE VALUE (uF) 


0.0001 


f, FREQUENCY (Hz) 





other conversions will be blocked from entering. By 
synchronizing the DU input with the system clock, the 


rate of displayed output updating can be controlled. 


The 3-digit multiplexed BCD pins 11, 12, 13, and 14 
are low for a BCD word of ‘‘zero”, while the digit select 
lines are normally high and go low for the individual digit 
selection. The half-digit output (pin 10) is in the logic “1” 
state whenever the input voltage is greater than 1.0 volt. 
When the input voltage is greater than 2.0 volts, pin 9 goes 
low after 2100 counts are reached during the ramp down 
portion of the conversion cycle, or 3100 total counts. The 
overrange (OR) pin remains in this condition. until the 
counters are reset and the next conversion cycle starts. 


FUNCTIONAL TRUTH TABLE 


FUNCTION Pe 2 : ‘ 


X | BCD Counter is held reset to ‘’0’’. 

| Digit Select Counter is held reset to DS1. 
Previous count is held in latches. ; 
Clock oscillator is inhibited, RC and OR are held reset. 


Clock oscillator starts 

BCD counter begins counting clock. © 

Digit Select counter runs, operating output multiplexing. 
Previous count is held in latches. ¥ 


Clock oscillator is inhibited. - 

New count is strobed from the first BCD 
Counter into latches. 

BCD counters are reset. 

Digit select counter is reset to DS1. 

RC and OR are reset. 


The first negative edge of Comp after DU is brought low 
produces the same results as if DU was high. On subsequent 
cycles of Comp the Clock oscillator, BCD counters, and . 
Digit Select counter operate normally, but no further latch 
strobes occur. 

RC and OR are reset. 





X = Don’t Care 


FIGURE 2 — TYPICAL OSCILLATOR FREQUENCY 
VARIATION versus TEMPERATURE 


AUT 
EEE VEEL 


Ly 
A 
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APPLICATION INFORMATION 


The dual ramp A to D system is an integrating con- 
verter whose output is relatively independent of both 
clock frequency and integrator capacitor value. The timing 
diagram shows a typical conversion cycle for the dual 
ramp system. A block diagram of the basic system is 
shown in Figure 3 of the data sheet. The up ramp 
voltage is created by charging an integrator capacitor with 
a constant current whose value is proportional to the 
unknown input voltage. This time period (T1) lasts for a 
fixed number of. clock pulses, which in the case of the 
MC14435 is 1000 clock pulses. The voltage on the output 
of the integrator at this point is proportional to the input 
voltage. After this fixed time period the ramp direction is 
reversed by switching the integrator capacitor input to a 
reference current which is the opposite polarity of the 
input current. The integrator capacitor is discharged until 
the output voltage reaches the comparator threshold value. 
This variable time period (T2) is proportional to the 
unknown input voltage. The unknown input voltage is the 


product of the reference voltage and the ratio of T2 to 
Vv: 
Ti or T2=T1 VR" 

When the input voltage. to the basic dual ramp system 
is zero or near zero the integrator current during the ramp 
up time period is zero or near zero. in this case the 
ramp down period would be very short. Thus any noise in 
the system could cause delay in the comparator line going 
low and cause instability in low voltage readings. The 
problem is eliminated by adding a fixed offset current to 
‘the unknown current and subtracting out the equivalent 
number of counts. in the digital counters to compensate 
for the offset current. With this technique the A to D 
always has at least a minimum number of counts on the 
counters with a zero input voltage. in the case of the 
MC14435 the number of pulses subtracted out is 100 
pulses; e.g., the down ramp is 100 pulses longer than T2. 

For additional information consult the MC1505 (Ana- 
tog Subsystem) data sheet. 


FIGURE 3 -- BASIC DUAL RAMP SYSTEM 
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Ramp Control 
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'x(max):* !o 


ig corresponds to ramp 
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100 Counts | | 
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'R 
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Ti 
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Comparator | | 


(ix +19) T1= IR (T2+ TO) - Ramp 
Control 
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; T2 
Vin = VREF Tq 
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FIGURE 5 — TYPICAL A/D SYSTEM INCLUDING DRIVERS AND LED DISPLAYS 
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= 2 3 a 1 Capacitor 
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363 __ 100 13. Ramp’ O O-—| Mc75491 
93355 Trim 
zm ao Control 
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g335 
Bog 1 
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“fos - O-f-0 .MC75491 
ag2®n 
rs 9 2 
228 co ~ he 80 0 O05 
oc = : 
ano 2 
3 az8 = Comparator 

or Output 


Zero Adjust. 


Notes: 

Common Anode Displays are 
used in this example. 
Vpis may be lower than Vop 
to conserve power. 
Use the following formula to 
calculate the value of R,, the 
current limiting resistor: 


Vois ~ VLED 
'LED 


Where: V_ Ep is the forward 
voltage drop of the LED and 
'LED is the desired current. 


“‘s@ioeunooeu! 104 pawnsse 


"ajqeijas Ajesnua aq 01 Panaijaq si 


RL= 


‘Uf SIINPOsd 4039NPUOTZIUIES YIONOLOW (W) 


(This assumes the voltage drop 
across the saturated bipolar tran- Ok 
sistor drivers to be negligible). 


"$49Y4IO JO ‘DUj BjOsOLOW jo sIUBis yUa3ed ay JapUN ssUaoy; 


Aue paqrosep seslaep sO}ONPUOSTIWAS ay} 50 JaseysINd ayy 03 AanuOD 


1OU SBOP UONeWOjU! YONs ‘asOWsaYyNG 
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L.C.D WATCH/CLOCK CIRCUIT 


The MC14440 utilizes complementary MOS processing to, give 
micropower performance for watch and clock applications. This 
circuit provides hours and minutes information during normal use. 
On demand, the seconds and date of the month are displayed 
sequentially. A 1/2-Hz flashing colon is provided to separate the 
hours and minutes. , 

All timekeeping registers in the MC14440 can be set at a 1-Hz 
rate by enabling the appropriate setting pin (hours, minutes, or 
days). The seconds register is set to zero when minutes are set; the 
start pin must be enabled to begin timekeeping. 

The MC14440 oscillator section is driven by a 32-kHz crystal, 
biasing .capacitors and resistors, and a 1.58-V battery. Outputs are 
supplied to drive a diode-capacitor voltage converter that provides 
the drive for the high voltage (3.8 V typical) portion of the circuit 
and the liquid crystal display. 


‘Low Current Drain — 5.0 uA typical 
’ Single CMOS Chip 
On-Chip Oscillator (Uses 32.768-kHz Crystal) 
Diode input Protection 
Operates from Single 1.58 Vdc Battery 
Frequency Outputs for DC-DC Up-Converter 
Directly Drives a Liquid Crystal Disptay (L.C.D) 
Hours, Minutes, Seconds, Date of Month Display Capabitity 





Display 
Common 
30[34] 


Vss HF HE 
16([16] “22(26) 21(25] 
O 


Vop 
[40] 36 


Oscin [18] 18 O 


Oscoyt [17] 17 O 


‘Hours Set [15] 15 O 

Setting 
Function 
Control 


Minutes/Data ({27] 230 


Second/Date [38] 34 O 
Demand/Start 


Vss' 
35[39} 


Seconds 
Register 








~ MC14440 


McMOS LSI 


(LOW-POWER COMPLEMENTARY MOS) 


L.C.D WATCH/CLOCK CIRCUIT 


L SUFFIX 
CERAMIC PACKAGE 
CASE 715 


CHIP 





CASE 703 


Level Shift Test 
20[20] 
O 


Bum = Pin [2] 
. CUM = Pin [3] 
Dum = Pin {4} 
Eun = Pin [5] 
Fum = Pin {6] 


Minutes 
Register 


Hours 
Reai 
egieter Brum=Pin 9 [9] 
Crm = Pin 10 [10] 


Drm= Pin 11 {11] 


Display Test [19] 19 O 


Number at end of terminal 
denotes pin number for 
leadiess Ceramic Square 
Package. 

Number in brackets de- 
notes pin number for 

dual in-line package. 


Register. 


Multiplexer 


Decoder ; ‘ 


Tens of Unit ; 
Hours Hours Coton 
Latches Latches : : 


Unit _ 
Minutes 
Latches 


Tens of 
Minutes 
Latches 


=u 
Oo O 
(28) 24 (30] 26 33[37] “{29] 25 
TH AUH- - -GUH Col 
{7 Lines) 


‘(114 77] 


Aum---Gum 
(7 Lines) 


(318 14[14] 


Atm. - -GT™ 
(7 Lines) 


2219 


EtTm =Pin 12 [12] 
Frm = Pin 13 [13] 


 BuH = Pin 27 [31] 


Cun = Pin 28 [32] 
Dun = Pin 29 [33] 
EuH = Pin 31 [35} 
FuyH = Pin 32 [36] 





MAXIMUM RATINGS (Voltages referenced to Vpp) 


[Rating «Symbol [| __ Value] 


DC Supply Voltage Vsg -1.65 to +0.5 ; 
Vss' -4.5 to +0.5 
Vin 





This device contains circuitry to protect 
the inputs against damage .due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 






Input Voltage Display Test Input Vpop + 0.5 to 




















Vss‘ -0.5 _than maximum rated voltages to this high 
Other Inputs V +0.5 to impedance circuit. For proper operation it 
, ves -05 is recommended that Vin and Voyt be 





constrained to the range Vsg < (Vin or 
Vout) < Vop- 

’ Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vss of Vop). 


De Ginen Oran pF a 
Speratng Temperature Range | ta__[ =e] 
Storage Temperature Range | -30 to +85 


ELECTRICAL CHARACTERISTICS (Vpp = 0, Vsg = -1.40 Vdc, Vgg’ = -4.5 Vdc, Ta = 25°C untess otherwise noted.) 
____ Characteristic 


















HF, HF 
Segment Drivers, Display Common - 





Output Low Voltage 


Output Drive Current = 
(Vps = 0.2 V) HF, HF 








Segment Drivers 





Display Common 






Quiescent Current 









Input Current 

| Dynamic Device Current : 
(fin = 32.768 kHz, No Output Load, Vsgg = -1.58 V) 

Minimum Voltage Required for Oscillator Start 

(See Applications Information) 




















15° 16. °=#«17—~«+18 22 

Hr Vgg Osc Osc DT LST HF HF Min 

4 out in : 

Die Size: 151 x 174 mils : 

Chip bonding pad assignment same as Case 703 pin assignment. 

Chip geometry subject to change without notice as modifications are made. 


Due to die cleavage angles, the actual size of the chip could be up to 
7.0 mits (0.1.7 mm) larger than indicated in both dimensions. 
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MC14440 


OPERATING CHARACTERISTICS 


NORMAL OPERATION 

During normal operation the setting function inputs 
are tied to Vssg (-1.58 V) and the seven-segment outputs 
display tens of hours, unit hours, tens of minutes, and 
unit minutes information. The colon flashes at 1/2 Hz. 


SECONDS/DATE DEMAND 

When the seconds/date demand input is at Vpp (0.0 V) 
the seconds register information is displayed on the tens 
of minutes and unit minutes seven-segment outputs. The 
colon remains on and the tens and unit hours seven- 
segment outputs are blanked. 

When the seconds/date demand input is returned to 
Vsg the date register information is displayed on the unit 
hours and tens of minutes seven-segment outputs for two 
to three seconds. Tens of hours, unit minutes, and the 
colon are blanked while the date is being displayed. 


MINUTES SET 

When the hours register is at ‘’12’’, the minutes register 
may be set at a 1-Hz rate by applying Vpp to the minutes/ 
date set input. To begin normal timekeeping, the start 
’ input must be enabled. 


STARTING 

During setting of the minutes register, the seconds 
register is reset to zero and the other timekeeping registers 
are prevented from advancing until Vpp is applied to the 


. Hours, minutes display 


Second/Date 
Demand/Start 


— Peg 














start input (second/date demand). This allows accurate 
time setting when referenced to a precision time standard. 


‘HOURS SET 


The hours register may be set at a 1-Hz rate when Vpp 
is applied to the hour set input. The other timekeeping 
registers are not altered or affected while hours are 
being set. 


DATE SET ; 

When the hours are not at ‘12’’ the date register may 
be set at a 1-Hz rate by applying Vpp to the minute/date 
set input. The other timekeeping registers are not affected 
while the date is being set. ; 


DISPLAY TEST 

When the display test input has Vpp applied, it may 
be used to generate a ‘‘1’’ on all seven-segment outputs 
relative to the voltage level of the display common output. 


LEVEL SHIFT TEST 

The level shift test input must be left open during 
normal operation. This input is used for rapid testing of 
the circuit. If it is tied to a fixed voltage, normal operation 
will be inhibited. 


NORMAL DISPLAY TRUTH TABLE 
Date Set 
eee a 

minutes displayed and the colon blinking. 
a ce) 









Timepiece displays seconds and colon only. 


For 2 to 3 seconds after coming to this input 
condition from the seconds display input 

condition, the date is displayed on the center 
two digits. 





SETTING PROCEDURE : 








Second/Date 
Demand/Start 
1. Set hours # 12. 


eed 










6. Initiate timekeeping. 





9=Vsgs, 1= Vpp 


Minutes/ 
HoursSet ‘ Date Set Comments 


With hours = 12, minutes advance at 1-Hz rate 
and seconds are reset to zero. 






Hours advance at 1-Hz rate until released to 
the 0, 0, 0 input condition. 
With hours # 12, date advances at a 1-Hz rate. 


Hours advance at 1-Hz rate until released to 
the 0, 0, 0 input condition. 
Hours advance at 1-Hz rate until released to 
the 0, 0, 0 input condition. 


Timekeeping is started; date will be displayed 


for 2 to 3 seconds, then hours and minutes 
with colon blinking. 
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APPLICATIONS INFORMATION 












™ 
TH UH (Tens of gee 
(Tens of Hours) (Unit Hours) Colon Minutes) (Unit Minutes) 





ral 


i 












Display 
Common 





Com 
Vss 


Vop . Display Test** 
Min/Date 


MC14440 
Hrs. O 
Sec/Date/Dem HF [-O 
, ia ; 32.768 eh 
: MTOQ32A * . +20 k p1 
D1, D2 = MBI101, MMT500 Lees kHz 
or Equiv. : 0.05 pF 
D3 = MBI101, MMT501 D2 
or Equiv. 
Note 1. Recommended L.C.D for 22M D3 
watch applications: 6-35 pF 22 pF 


Motorota MLC500 or MLC501. 











































” For clocks, the MLC400 may be used. 0.05 uF 
Note 2. Level Shift Test pin must be 
left floating. 
*Note 3. For information on the MTQ32A, contact the : oa 





Motorola Quartz Timepiece Crystal Group, 
(312) 451-1000. 
**Note 4. When Display Test is connected to ground (Vpp), ; 
all segments are displayed. : F ‘ 














Circuit diagrams utitizing Motorola products are inciuded as a means is believed to be entirely reliable. However, no responsibility is 






of illustrating typical semiconductor applications; consequently, assumed for inaccuracies. Furthermore, such information does not 
complete information sufficient for construction purposes is not convey to the purchaser of the semiconductor devices described any 
necessarily given. The information has been carefully checked and license under the patent rights of Motorola Inc. or others. 
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MOTOROLA 
Semiconductors — 014450 


BOX 20912 « PHOENIX, ARIZONA 85036 


McMOS SSI 


OSCI LLATOR/216 DIVIDER/BUFFER (LOW-POWER COMPLEMENTARY MOS) 
with Integrated Feedback Capacitor ; 


The MC14450 consists of an oscillator, 16-stage divider, and two OSCILLATOR/216 DIVIDER/ 
buffers in a single monolithic structure. This circuit employs . BUFFER 
complementary MOS devices for low-voltage operation and extremely 
low power dissipation. It finds primary use in crystal controlled 
timing circuitry, and is particularly suited for wristwatch and low- 
voltage clock operation. - 

The osciflator section has an output capacitor integrated on the 
chip. The addition of a crystal, an input capacitor, and a feedback 
resistor is all that is necessary to complete the oscillator circuit. 

The divider section consists of a 16-stage binary divider. Two 

‘ outputs are provided, 180 degrees out of phase. The outputs of the 
last six stages of the divider are used to gate the output pulses, .° L SUFFIX 
providing narrow output pulse widths. Both outputs are buffered to Z CERAMIC PACKAGE 
provide fast rise and fall times, and to maximize energy transfer to CASE 688 
the load for the pulse duration. 
“The MC14450 utilizes a 1.58 volt silver oxide battery, and provides 
peak output pulse voltages of more than 1.20 volts with a 5.2 
kilohm load. 
This device provides a divide-by-65,536 function and can be 


PLASTIC PACKAGE 
CASE 704 


_ operated at frequencies to 1.0 MHz. When operated at 32.768 kHz, 
it provides 0.5 Hz, 1.563% duty cycle alternating output pulses. - LE ° SUFFIX : 


@ Extremely Low Operating Current Consumption: 4.0 uA Typical 
- Typical Power Supply = 1.58 V : : 
inverting Amplifier with Integrated Feedback Capacitor 
Gated and Buffered Outputs : 
Diode Protection on Input 
High Output Drive at Low Voltage 


MCC PREFIX 
CHIP 


Vss 


Vop = Pin6 
Vsg = Pin3 
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--MC14450 | | a | 


This device contains circuitry to protect 


; ‘ : ; the inputs against damage due to high static 
MAXIMUM RATINGS (Voltages referenced to Vsg, Pin 3.) voltages or electric fields; however, it is 


advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vip and Voyt be 
constrained to the range Vsg < (Vin or 
Vout) < Vop- 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vgg or Vop). 


ELECTRICAL CHARACTERISTICS (Vpp = 1.58 Vdc; Vsg = 0, Ta = 25°C unless otherwise noted.) 


Power Supply Operating Range | Vpp | 13 | 


Output Voltage (No Load) | Vou _| 1.4 


Output Drive Current . 
* (VoH =1.3 Vde) 
(VoL = 0.2 Vde) 


Input Current | tin | 0.00001 «jade 
(Guiessont Device Curent’ SSCS t_ 


Dynamic Device Current 

(f = 32.768 kHz, No Output Load) Square Wave, Pin 2 
MTQ32A Crystal 
Minimum Voltage Required for Osciilator Start 


Feedback Oscillator Capacitance , ; 


BC Supply Voltage 


Input Voltage, All Inputs 









DC Current Drain per Pin Pt ft 10 | mA 
Operating Temperature Range 


Storage Temperature Range ' 



























FIGURE 1 — OUTPUT WAVEFORMS 








VOHi 
Vout? 
Vout 
0 
“np | 
VoH2 
bie - 
0 
Pua, MOTOR DRIVE PULSE WIDTH = 0.01663 T | Vont = VOH1 = VoL2 
OUTPUT PERIOD, T= AGENCY | het VoH2= Vout 


Note: Refer to Figure 4 for connection diagram. 


(AA) MOTOROLA Semiconductor Products inc. 


rman 


FIGURE 2 — TYPICAL 32-kHz OSCILLATOR cIRCUIT FIGURE 3 — TYPICAL CURRENT DRAIN versus FREQUENCY 
(No Output Load) 











to Oscin (Pin 2) < 

Pa 

2 

uw 

c 

c 

J 

oO 

‘ c 

to Oscous (Pin 3) B 

2 

a 

MOTOROLA MTQ32A CRYSTAL 2 

fA(CL) = 32.768 kHz = 
Rg < 30kQ on 100-20 

Co = 1.9 pF Typical 


C7 = 0.0056 pF Typical fin, DIVIDER INPUT FREQUENCY (kHz) 


APPLICATIONS INFORMATION 


Figure 4 illustrates a typical wristwatch system. The MC1 


14450 drives a rotary motor which 
rotates 180° with each input pulse. 


FIGURE 4 — TYPICAL WRISTWATCH SYSTEM 


Von 
BATTERY .. 
1,88 V t 3 8 








WATCH 


MOVEMENT 
32.768 


kHz 


Von = Voltage at pin 4 
minus voltage at pin 5. 
R motor = §.2 k &2 minimum 


QUTPUT WAVEFORM ACROSS MOTOR 


10s 1.0s-———>| eeaeai 0.03125 s 





Voni 


Von2 


Circuit diagrams utilizing Motorola products are included as a means 
of iMustrating typical semiconductor applications; consequently, 
complete information sufficient for construction purposes is not 
necessarily given. The information has been carefully checked and 


is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not 
convey to the purchaser of the semiconductor devices described any 
license under the patent rights of Motorola Inc. or others. 
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MC14450 . . 


PACKAGE DIMENSIONS 


CASE 688-05 : CASE 704-02 


a te MILLIMETERS] INCHES | 


om MILLIMETERS] INCHES | waitke Seaaraite 
5 0.224 
[MAX [MIN | MAX | 1s EADS, TRUE POSITIONED - 
pa | sar {21 | 0236 0.280 WITHIN 0.13 mm (0.005) RADIUS 


[ 4.32 | 5.72 | 0. TO DIM "A" & “BR” 

& “B” AT MAXIMUM 
repay ll si aoe OOF MATERIAL CONDITION. 
Pee RE na ten 
TG | 1.27,8SC 0.050, BSC 
rH | 0.13 | 0.89 | 0.005 | 0.035 | 


-K_1 1.90 | 3.05 | 0.075 | 0.120 | | 2.34 | | 0.092 | 0.112 | 
CN 1 0.89 | 1.52 10.035 | 0.060 | NW | 0.89 | 1.14 | 0.035 | 0.045 
MCC14450 BONDING PADS 


Chip geometry subject to change without 
notice as modifications are made. 


Oi aA) rT, f = Due to die cleavage angles, the actual size of the chip 
Tr 


WARORWUN Baal | could be up to 7.0 mils (0.17 mm) larger than indicated 


eats an be in both dimensions. 
oe | 


Die Size: 64 x 68 mils 
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MOTOROLA : 
Semiconductors MC14451 


BOX 20912. PHOENIX, ARIZONA 85036 


OSCILLATOR/211 to 219 DIVIDER/BUFFERED McMOS MSI 
DUTY CYCLE CONTROL 
: (LOW-POWER COMPLEMENTARY MOS) 
The MC14451 consists of three sections: an oscillator, an 18-stage ma 
divider, and a buffered flip-flop for pulse width control and current OSCILLATOR/211 to 219 DIVIDER/ 
sink drive. These circuits employ metal-gate complementary MOS de- BUFFERED DUTY CYCLE 
vices for low-voltage operation and extremely low power dissipation. 
A wide variety of output pulse widths and frequencies can be CONTROL 
obtained using the pulse-width-contro! flip-flop. The number of 
combinations can be further increased by the variety of crystal 
frequencies or R-C networks used with the oscillator section. 
The buffered output of the duty-cycle-control flip-flop consists 
’. of an N-channel MOSFET for maximum current sinking capability 
and a P-channel! active pullup device. Outputs from the 18-stage 
divider section provide a negative logic binary count. 
Applications of the MC14451 include power-off timers, low- 
power-consumption timers especially suited for battery applications, 
elapsed timers, wall clocks, auto-timers for feeding systems, fuse ts 
timers, incubator timers, weather measurement equipment, and many L SUFFIX P SUFFIX 
other battery or low-power applications. ; CERAMIC ge PLASTIC PACKAGE 
@ QOn-Chip Duty Cycle Control eine als 
@ Buffered Duty Cycle Control Output 
@ On-Chip Oscillator 
@ Low Power Consumption —20 pW typical @ 1.5 Vdc 
“and f = 262 kHz ames 
Operating Supply Voltage Range = 1.3 to 3.0 Vdc aa MCC PREFIX 
Diode Protection on Inputs : satiate 


‘BLOCK DIAGRAM 


4. 


Peppers ire [fer Yere Tere [Tre [Aero [Tree Tro] 
red eed ree Test tee pel feel feet 


ro We PM OW SP 'F=y 


Vop . 0 0 
2 1 18 41 
Duty Cycte rf Q10 @ Qii a1 aQ12 Q16 
Controt 
x 5 Duty Cycle 
i Control Output 
Vss 


Vop = Pin 16 _ 
Vsg =Pin 8 
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MAXIMUM RATINGS (Voltages referenced to Vgs, Pin 8) 


|__ Symbol | Value | 


Unit 
010-0 
Vin Vpp +0.5 to Vde 
Vss -0.5 
ye 
=0r085 | °c 






DC Supply Voltages 
Input Voltage, All Inputs 


DC Current Drain per Pin 
Operating Temperature Range 
Storage Temperature Range 











This device contains circuitry to protect . 
the inputs against damage due to high static 
voitages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vin and Voyt be 
constrained to the range Vss < (Vin or 
Vout) < Vop.- 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vgs or Vpp). 


,ELECTRICAL CHARACTERISTICS (Vpp = 1.58 Vdc, Vsg = 0, Ta = 25°C unless otherwise noted.) 


[SS~S™S™SC~CSC~C~SCSCarastrntic——SSSSSCSCSCS~*dtC«S bd 
Power Supply Operating Range 
| Output Voltage 


Output Drive Current 
(Von = 1.3 Vde) Divider Outputs 

Duty Cycle Control Output 

Divider Outputs 

Duty Cycle Control Output 

input Current : ‘ 

Quiescent Device Current _ 

Dynamic Device Current 

(f = 262.144 kHz, no output load) 


Minimum Voltage Required for Oscillator Start 


| Yop _| 
low 


(Vo- = 0.2 Vde) 


TYPICAL OSCILLATOR CIRCUITS 


FIGURE 1 — 262-kHz CIRCUIT 


to Oscin 
(Pin 3) 


Re = 22M. 


to Oscout 


Crystal Specification (Pin 4) 
{MTQ262) 


fa(cy) = 262.144 kHz — 


Rg <1.5k2 

Q220k 
Co = 8.0 pF Typical 
C41 = 0.025 pF Typical 


(AA) MOTOROLA 


5-221 | 









FIGURE 2 — 32.768 kHz CIRCUIT 


Crystal Specification — 
_ (MTQ32A) 
Fa(cy) = 32-768 kHz 
Rig < 30k2 
Q240k 
Cg = 1.9 pF Typical 
C; = 0.0056 pF Typical 


Semiconductor Products Inc. 


FIGURE 3 — TIMING DIAGRAM 


21 29 210 211 3072 212 5120 6144 7168 213 


eee LPL Lr Ur eer oe ere 


0 
~ 
~ 

nN 
= 

a 

ND 
pe 
o 


ah ee 
glans! ai, 


att es 
oa ha a 
ob act an ae 


LO44oyou-7 


Driver Input | | | | | | [ | | | 
Duty cycle Reset LP LPLPLILILILI LM f 
Duty Cycle Contro! Output | TI j | 1 [> ss 2] | 


MCC14451 BONDING PADS 


14 13 12 


Chip geometry subject to change . 
without notice as modifications 
are made. 


Due to die cleavage angles, the actual size of the chip 
could be up to 7.0 mils (0.17 mm) larger than indi- 
cated in both dimensions. 


Die Size: 67 x 69 mils 
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FIGURE 4 — FUNCTIONAL MATRIX 
Crystal Frequency = 262.144 kHz 






Pin 7 (Duty Cycle Reset) Connected To: 


= _lclelele le : 
$ Characteristic Qa10 eQ11 G18 
Pe ae Die ae es [ae [ee Te 
G18 fout_ 1Hz 
aa | ee [Bae | Sean | ane | “Se” | Bone” | Saeet | ae | | 
17 fout 2Hz 
Bee ad ad 
fout 4Hz 
Ba a 
G15 fout 8 Hz 8 Hz 
ae | [em | Stee | ‘ene_| “tens” | “seme 
fout 16 Hz 
feat | [ame | Sse | fae | “seer” | 
fout . 32 Hz 
a | ee [eats | cee | oan 
fout 64 Hz 64 Hz 
Pulse Width 
re ee 


Crystal Frequency = 32.768 kHz 


Pin6é 
(Driver 


| oon ee 
Input) 
ee! [opel a || a ae [oe a 
To: Q10 e Q11 a16 017 G18 
Pin9 Pulse Width 46.8 ms 62.5 ms 500 ms 1000 ms 2000 ms 4000 ms 
Pepe eee ete ee ee [ee [ee 
Pin 10 Pulse Width 46.8 ms 7000 ms 5000 ms 
Hae eee nae ear eeresl none | ae 
Pulse Width 46.8 ms 1000 ms 
Par aiie[te ae Pee ee ee Lee ee 
Pulse ‘Width 46.8 ms 
eee ae | Sa | Sart | eat | Bhar | Sha | 
Pulse Width 46.8 ms 250 ms 
ie |e [ame | “owe | ane | ane | aur 
Pulse Width 46.8 ms 62.5 ms 
a a a 
Pulse Width 46.8 ms 
Pe | [Peer | “eee” | ene” | 
Pin 1 Pulse Width : 
ae a | Prewe| 
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MOTOROLA 
Semiconductors 


BOX 20912 « PHOENIX, ARIZONA 85036 


HEX CONTACT BOUNCE ELIMINATOR 


The MC14490 is constructed with complementary MOS enhance- 
ment mode devices, and is used for the elimination of extraneous 
level changes that result when interfacing with mechanical contacts. 
The digital contact bounce eliminator circuit takes an input signal 

- from a bouncing contact and generates a clean digital signal four 
clock periods after the input has stabilized. The bounce eliminator 
circuit will remove bounce on both the ‘‘make’’ and the “break” of 
acontact closure. The clock for operation of the MC 14490 is derived 
from an internal R-C oscillator which requires only an external 
capacitor to adjust for the desired operating frequency (bounce 
delay). The clock may also be driven from an external clock source 
or the oscillator of another MC14490. 


Diode Protection on All Inputs 

Noise Immunity = 45% of Vpp Typical 

Six Debouncers per Package 

Internal Pullups on All Data Inputs 

Internal Oscillator (R-C), or External Clock Source 

TTL. Compatible Data Inputs/Outputs 

Single Line Input, Debounces Both “Make” and “Break” Contacts 


Cascadable for Longer Time Delays 
Schmitt Trigger on Clock Input (Pin 7) 


Supply Voltage Range = 3.0 Vdc to 18 Vdc (MC14490EFL/FL/FP) 
= 3.0 Vdc to.6.0 Vdc (MC14490EVL/VL/VP) 


BLOCK DIAGRAM 


Data 


4-Bit Static Shift Register 


Shift 


Oscillator 
and 
Two-Phase 
Ctock Generator 


Does Not Require “Form C” (Single Pole Rouble Throw) Input Signal 


MC14490 


McMOS LSi 


{LOW-POWER COMPLEMENTARY MOS) 


HEX CONTACT 
BOUNCE ELIMINATOR 


L SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 620 . CASE 648 


ORDERING INFORMATION 


MC 14490 Suffix Denotes 
ibs L Ceramic Package 


P Plastic Package 

F "Extended Operating 
Voltage Range 

Vv *Limited Operating 
Voltage Range 

Blank **Standard Operating 
Temperature Range 

E **Extended Operating 
Temperature Range 

*See Features (above, left) 
**See Maximum Ratings 


1/2-Bit 
Delay 


: Vop = Pin 16 
Vss = Pin 8 


identical to Above Stage ~ 
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MAXIMUM RATINGS (Voltages referenced to Vgg, Pin 8.) 


DC Supply Voltage 



















+18 to -0.5 


— MC 14490 EFL/FL/FP 
— MC 14490E VL/VL/VP +6.0 to -0.5 


Input Voltage, All inputs Vpp +0.5 Vdc 
: . to Vgg -0.5 










DC Current Drain per Pin 
-§5 to +125 °C 


Operating Temperature Range MC14490EFL/E VL 
, MC14490FL /FP/VL/VP -40 to +85 
Storage Temperature Range 


ELECTRICAL CHARACTERISTICS 





“41 Levet 


Noise Immunity 
(AVout < 0.8 Vde): 
(AVout <1.0 Vdc) 
(AVout < 1.5 Vde) 
(OVout < 0.8 Vde) 
(ANVout < 1.0 Vdc) 
(Vout < 1.5 Vde) 


Output Drive Current *** 
Source 
Oscillator Output 
(VoH = 2.5 Ve) 
(VOH = 9.5 Vde) 
(VOH = 13.5 Vdc) 


Debounce Outputs 
(VOH = 2.5 Vde) 
(VoH = 9.5 Vde) 
(VOH = 13.5 Vde) 
Sink 
Oscillator Output 
(VoL = 0.4 Vdc} 
(VoL = 0.5 Vde) 
(VoL = 1.5 Vde) 
Debounce Outputs 
(VoL = 0.4 Vde) 
(VoL = 0.5 Vdc) 
(Vo. = 1.5 Vde) 
Input Leakage Currents 
Debounce Inputs 
(Vins = Vpp) 
Pullup Resistor Source Current ; : 
Debounce Inputs ; A 140 
(Vit = Vss} : 280 
1100 415 


Input Capacitance 
(Vin = 9) 
Quiescent Current 


*Tlow = 55°C for MC14490 EFL, EVL; -40°C for MC14490F L, FP, VL, ve. 
Thigh = +125°C for MC14490 EFL, EVL; +85°C for MC14490F L, FP, VL, VP. 
**Only 5-volt specifications apply to MC 14490 EVL, VL, VP devices. 
***Care must be taken not to exceed maximum current ratings (See Maximum 
Ratings Table and Figure 2). 


This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vjn and Voyt be 
‘constrained to the range Vsg < (Vin or 


Vout) < Vpp- 


190 255 
380 500 
a r=] 


120 
pis 
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Mc14490 | i 


ELECTRICAL CHARACTERISTICS (C, = 15 pF) 








Output Rise Time 
All Outputs 


Output Fall Time | 
Oscillator Output 


Debounce Outputs 


Propagation Delay Time 
Oscillator Input to 
Debounce Outputs 


Maximum Clock Frequency © 
(50% Duty Cycle) 


Minimum Setup Time 
(See Figure 1) 


Maximum External Clock tnput 
Rise and Fall Time 
Oscillator Input 


Typical Osciflator Frequency : 0.375 Vpp : : 
| f=————=_ (Vp in Vdc, Cex in pF) 


*Tiow = -55°C for MC14490 EFL, EVL;-40°C for MC14490FL, FP, VL, VP. 
Thigh = +125°C for MC14490 EFL, EVL; +85°C for MC14490FL, FP, VL, VP 
**Only 5-volt specifications apply to MC 14490 EVL, VL, VP devices. 


FIGURE 1 — TYPICAL SWITCHING TIME WAVEFORMS 


FIGURE 2 — AMBIENT TEMPERATURE 
POWER DERATING 


PLASTIC OR CERAMIC 
PACKAGE 


1600 
900 


800 





(Per Package) 
on 
s 





Pp, MAXIMUM POWER DISSIPATION (mW) 


Ta, AMBIENT TEMPERATURE (°C) 
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MC 14490 | 


THEORY OF OPERATION 


Tne’ MC14490 Hex Contact Bounce Eliminator is 
basically a digital integrator. The circuit can integrate 
‘both up and down. This enables the circuit to eliminate 
bounce on both the leading and trailing edges of the signal, 
shown in the timing diagram of Figure 3. 

Each of the six Bounce Eliminators is composed of a 
4%-bit register (the integrator) and logic to compare the 
input with the contents of the shift register, as shown in 
Figure 4. The shift register requires a series of timing 
pulses in order to shift the input signal into each shift 
register location. These timing pulses (the clock signal) 
are represented in the upper waveform of Figure 3. Each 
of the six Bounce Eliminator circuits has an internal 
resistor as shown in Figure 4. A pullup resistor was incor- 
porated rather than a pulldown resistor in order to imple- 
ment switched ground input signals, such as those coming 
from relay contacts and push buttons. By switching 
ground, rather than a power supply lead, system faults 
(such as shorts to ground on the signal input leads) will 
not cause excessive currents in the wiring and contacts. 
Signal lead shorts to ground are much more probable than 
shorts to a power supply lead. 

When the relay contact is open the shift register is 
loaded with a 1 (positive logic assumed) on each positive 
edge of the clock signal. To understand the operation, we 
assume all bits of the shift register are loaded with 1’s and 
the output is at a 1 or high level. ; 

At clock edge 1 (Figure 3) the input has gone low 
and a 0 (low level) has been loaded into the first bit or 
storage location of the shift register. Just after the posi- 
tive edge of clock 1 the input signal has bounced back to 
a logic 1. This causes the shift register to be reset to all 
1’s in all four bits — thus starting the timing sequence 
over again. 

During clock edges 3 to 6 the input signal has stayed 
low. Thus a logic 0 has been shifted into all four shift 
register bits and, as shown, the output goes to a 0 during 
the positive edge of clock pulse 6. 

It should be noted that there is a 3% to 4% clock 
period delay between the clean input signal and output 
signal. In this example there is a delay of 3.8 clock periods 
from the beginning of the clean input signal. 


After some time period of N clock periods, the contact 
is opened and at N+7 a 1 is loaded into the first bit. Just 
after N+7, when the input bounces low, all bits are reset 
to 0. At N+8 nothing happens because the input and 
output are low and all bits of the shift register are 0. At 
time N+9 and thereafter the input signal is a high (1) clean 
signal. At N+13 the output goes high (1) as a result of 
four 1’s being shifted into the shift register. 

Assuming the input signal is long enough to be clocked 
through the Bounce Eliminator, the output signal will be 
no tonger or shorter than the clean input signal plus or 
minus one clock period. 

The amount of time distortion between the input and 
output signals is a function of the difference in bounce 
characteristics on the edges of the input signal and the 
clock. frequency. Since most relay contacts have more. 
bounce when making as compared to breaking, the overal} 
delay, counting bounce period, will be greater on the 
leading edge of the input signal than on the trailing edge. 
Thus, the output signal will be shorter than the input 


. signal — if you include the leading edge bounce in the 


overall timing calculation. 

The only requirement on the clock frequency in order 
to obtain a bounce free output signal is that four clock 
periods do not occur while the input signal is in a false 
state. Referring to Figure 3, a false state is seen to occur © 
three times at the beginning of the input signal. The input 
signal goes low three times. before it finally settlés down 


_ to a valid low state. The first three low pulses are referred — 


to as false states. 


{f the user has an available clock signal of the proper 
frequency, it may be used by connecting it to the oscillator 
‘input (pin 7). However, if an external clock is not available 
the user can place a smal! capacitor across the oscillator 
input and output pins in order to start up an internal 
clock source (as shown in Figure 4). The clock signal at 
the osciliator output pin may then be used to clock other 
MC 14490 Bounce Eliminator packages. With the use of the 
MC14490, a large number of signals can be cleaned up, 
with the requirement of only one smal! capacitor external 
to the Hex Bounce Eliminator packages. 


FIGURE 3 — TIMING DIAGRAM 


Output 


Contact Closed 


Contact 
Bouncing 





N+7_ N+8 N+9 N+10 N+11 N+12 N+13 


Contact Open 


Contact 
Bouncing 
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FIGURE 4— TYPICAL “FORM A” CONTACT DEBOUNCE CIRCUIT 
(Only One Debouncer Shown) 


Pultup Resistor 
(Internat) 


10 
“Form A” 


= Contact 


Osc; 
ad Oscillator 
and 
Two-Phase 
Ciock Generator 


Shift 


Data —" 
4-Bit Static Shift Register 


Load 





OPERATING CHARACTERISTICS 


The single most important characteristic of the 
MC 14490 is that it works with a single signal lead as an 
input, making it directly compatible with mechanical 
contacts (Form A and B). 

‘The circuit has a built in pullup resistor on each’ 
input. The worst case value of the pullup resistor (deter- 
mined from the Electrical Characteristics table) is used to 
calculate the contact wetting current. If more contact 
current is required, an external resistor may be connected 
between Vpp and the input. 


Because of the built in pullup resistors, the inputs | 


cannot be driven with a single staridard CMOS gate when 
Vopp is below 5 V. At this voltage, the input should be 


driven with paralleled standard gates or by the MC14049 
or MC14050 buffers. 

The clock input circuit (pin 7) has Schmitt trigger 
shaping such that proper clocking will occur even with 
very slow clock edges, eliminating any need for clock _ 
preshaping. In addition, other MC14490 oscillator inputs 
can be driven from a single oscillator output buffered 
by an MC14050 (see Figure 5). 

The MC 14490 is TTL compatible’on both the inputs 
and the outputs. When Vpp is at 4.5 V, the buffered 
outputs can sink 1.6 mA at 0.4 V. The inputs can be 
driven with TTL as a result of the internal input pull- 
up resistors. 


FIGURE 5 — TYPICAL SINGLE OSCILLATOR 
DEBOUNCE SYSTEM 


1/6 MC14050 


From Contacts 


vi 


From Contacts 





From 
Contacts 


To System 
Logic 
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TYPICAL APPLICATIONS 


ASYMMETRICAL TIMING 


In applications where different leading and trailing 
edge delays are required (such as a fast-attack/slow release 
timer.) Clocks of different frequencies can be gated into 
the MC14490 as shown in Figure 6. In order to produce a 
slow attack/fast release circuit leads A and B should be 
interchanged. The clock out lead can then be used to 
feed clock signals to the other MC14490 packages where 
the asymmetrical input/qutput timing is required. 


FIGURE 6 — FAST ATTACK/SLOW RELEASE 
CIRCUIT 


External 
Clock 


LATCHED OUTPUT 


The contents of the Bounce Eliminator can be latched 
by using several extra gates as shown in Figure 7. If the 
latch lead is high the clock will be stopped when the 
output goes low. This will hold the output low even 


though the input has returned to the high state. Any time - 


the clock is stopped the outputs will be representative of 
the input signal four clock periods earlier. 


FIGURE 7 — LATCHED OUTPUT CIRCUIT 


Untatch = 0 








MULTIPLE TIMING SIGNALS 


As shown in Figure 8, the Bounce Eliminator circuits’ 
can be connected in series. In this configuration each 
output is delayed by four clock periods relative to its 
respective input. This configuration may be used to gener- 
ate multiple. timing signals such as a delay line, for 
programming other timing operations. 

One application of the above is shown in Figure 9, 
where it is required to have a single pulse output for a 
single operation (make) of the push button or relay contact. 
This only requires the series connection of two Bounce 
Eliminator circuits, one inverter, and one NOR gate in 
order to generate the signal AB as shown in Figures 9 and 
10. The signal AB is four clock periods in length. If the 
inputs to the NOR gate are interchanged the pulse AB will 
be generated upon release or break of the contact. With 
the use of a few additional parts many different pulses 
and waveshapes may be generated. . 


’ FIGURE 8 — MULTIPLE-TIMING CIRCUIT CONNECTIONS 
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FIGURE 9 — SINGLE PULSE OUTPUT CIRCUIT 


A= Active Low 
B = Active Low 





FIGURE 10 — MULTIPLE OUTPUT SIGNAL TIMING DIAGRAM 


Circuit diagrams utilizing Motorola products are included as a means is believed to be entirely retiable. However, no responsibility is 
of itlustrating typical semiconductor applications; consequently, assumed for inaccuracies. Furthermore, such information does not 
complete information sufficient for construction purposes is not convey to the purchaser of the semiconductor devices described any 
necessarily given. The information has been carefully checked and license under the patent rights of Motorota Inc. or others. 
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MOTOROLA 
Semiconductors MC14501 


BOX 20912 4 PHOENIX, ARIZONA 85036 - 


McMOS SSI 


(LOW-POWER COMPLEMENTARY MOS) 


TRIPLE GATE 


DUAL 4-INPUT “NAND” GATE 
2-INPUT “NOR/OR” GATE 


.8-INPUT “AND/NAND” GATE TRIPLE GATE 


DUAL 4-INPUT “NAND” GATE 
2-INPUT “NOR/OR” GATE 
8-INPUT “AND/NAND” GATE 


The MC14501 is constructed with MOS P-channel and N-channel 
enhancement mode devices in a single monolithic structure. These 
complementary MOS fogic gates find primary use where low power 
dissipation and/or high noise immunity is desired. Additional char- 
acteristics can be found on the Family Data Sheet. 


Quiescent Current = 0.5 nA/package typical @ 5 Vdc 
Noise Immunity = 45% of Vpp typical 

Diode Protection on All Inputs 

Supply Voltage Range = 3.0 Vdc to 18 Vdc 

Single Supply Operation — Positive or Negative 


High Fanout > 50 
Input Impedance = 1012 ohms typical 


L SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 


CASE 620 CASE 648 


Logic Swing Independent of Fanout ORDERING INFORMATION 


Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range 7 


MC14XXX Suffix Denotes 


LL Ceramic Package 
Plastic Package 


Extended Operating 
Temperature Range 
Limited Operating 

Temperature Range 





MAXIMUM RATINGS (Voltages referenced to Vgs) 


Rating [Symbot[ Value [Unit] 

DC Supply Voltage 
Input Voltage, All Inputs | Vin | -0.5toVpp +05] Vde | 

_ DC Current Drain per Pin Po 10 made | 


in Vde 
Operating Temperature Range — AL. Device Ta -55 to +125 °C 
CL/CP Device -40 to +85 

Storage Temperature Range -65 to +150 


LOGIC DIAGRAM 
(POSITIVE LOGIC) 





= &®WN = 
4 
t 
' 
i] 
tie 
= 
@ 


CIRCUIT SCHEMATIC 


=) 


14 AND 
15 NAND 


= 


on aan 
. = 
° 


Vop 


Vop = Pin 16 
Vss = Pins 
4 


Use Dotted Connection Externally to 
Obtain 8-Input AND/NAND 


a 
1 
Vss + po 
Vss os a 


Numbers in parenthesis are for second 4-input gate. 


Note: Pin 14 must not be used as an input 
to the inverter. © 
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_ ELECTRICAL CHARACTERISTICS 


i Characteristic 


Output Voltage “O” Level 
Vin = Vop or 0 


“1"" Level 


Vin =Oor Vop. 


Input Voltage# — “O" Levet 
(Vo =3.6 or 1.4 Vdc) 
(VQ = 7.2 or 2.8 Vde) 
(Vo = 11.5 or 3.5 Vde) 


(Vo =1.40r3.6 Vdc) “1” Level 
(Vo =2.8 or 7.2 Vdc) 
(Vo =3.5 or 11.5 Vdc) 


Output Drive Current 
(AL Device} 
(Von = 2.5 Vdc) 
(VOH = 4.6 Vdc) 
(VoH = 9.5 Vdc) 
(VoH = 13.5 Vde) 
(VoH = 2.5 Vde) 
(VOH = 4.6 Vdc) 
(VoH = 9.5 Vde) 
(Von = 13.5 Vde) 
(VoH =2.5 Vdc) NOR- 
(VOH = 4.6 Vde) 
(VoH =9.5 Vde) Inverter 
(VOH = 13.5 Vde) 


(VoL =0.4 Vdc) — Sink 
(Vo. =0.5 Vde) ~NAND 
(VoL = 1.5 Vde) 
(VoL =0.4 Vde) NOR 
(Voz = 0.5 Vde) 
(VoL = 1.5 Vde) 

. (Voy = 0.4 Vde) NOR- 
(Vo_ =0.5 Vdc) Inverter 
(VoL = 1.5 Vde) 


Output Drive Current 
(CL/CP Device) 
(VOH = 2.5 Vdc) 
(VoH = 4:6 Vde) 
(VoH = 9.5 Vdc) 
(Von = 13.5 Vde} 


(Von = 2.5 Vac) 
(Von = 4.6 Vdc) 
(VoH = 9.5 Vdc) 
(Von = 13.5 Vde) 
(VoH = 2.5 Vdc) 
(Von = 4.6 Vde) 
(VoH =9.5 Vde) Inverter 
(VoH = 13.5 Vdc) 
(VoL =0.4 Vde) Sink 
(VoL =0.5 Vde) NAND 

- (VoL = 1.5 Vde) 
(VoL =0.4Vde) NOR 
(Voz_ = 0.5 Vde) 
(VoL = 1.5 Vde) 
(VoL =0.4 Vde)  NOR- 
(Vo_ =0.5 Vdc) - Inverter 
(VoL =15Vde) 
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ELECTRICAL CHARACTERISTICS (Continued) 


Input Current (AL Device) 
Input Current (CL/CP Device) 


Input Capacitance 


| Typ | Max | 
Fro0000 | 20.7 
7 


eee eae 


(Vin =0) - 


(Per Package) 0.0010 
0.0015 
Quiescent Current (CL/CP Device) 


(Per Package) 


Quiescent Current (AL Device) ‘ =| 0.0005 





Total Supply Current**t Ip = (1.2 BA/KHz) fF + Inn 
(Dynamic plus Quiescent, it = (2.4 wA/kHz) f + Ipp 
Per Package) It = (3.6 A/kHz) f + Ipp 
(Cy. = 50 pF on all outputs, all : 
buffers switching) 


*Tiow = —55°C for AL Device, —40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
#Noise immunity specified for worst-case input combination. 
tTo calculate total supply current at loads other than 50 pF: 
IT (CL) = 7 (50 pF) +4 x 1073 (C, -50) Vppf . 
where: I7 is in wA (per package), Cy in pF, Vpp in Vdc, and f in kHz is input frequency. 
**The formulas given are for the typical. characteristics only at 25°C. i 





SWITCHING CHARACTERISTICS** (Cc, =50 pF, Ta = 25°C). - 


| : 
: 7 Typ | AL CL/CP 
Characteristic All Types} Device | Device 


Output Rise Time NAND, NOR 
ty = (3.0 ns/pF) Cy +30 ns 180 350 400 
ty = (1.5.ns/pF) Cy +15 ns 90 | 150 200 
t, = (1.1 ns/pF) CL +10 ns ; 110 160 


Output Fall Time NAND, NOR . 
te = (1.5 ns/pF) Cy + 25 ns 175 200 
t¢ = (0.75 ns/pF) CL + 12.5 ns ; 75 100 — 
tg = (0.55 ns/pF) Cy, + 9.5 ns 80 


Output Rise Time NOR- inverter 
tr = (1.35 ns/pF) CL +32.5ns ~ ‘ 200 
ty = (0.60 ns/pF) CL + 20 ns ; 100 
ty = (0.40 ns/pF) CL + 17 ns 80 


Output Fall Time NOR-Inverter 
te = (0.67 ns/pF) Cy + 26.5 ns 
te = (0.45 ns/pF) CL + 17.5 ns 
ty = (0.37 ns/pF) Cy + 11.5 ns 


Propagation Delay Time 
tpLH. tpH = (1.7 ns/pF) CL + 45.ns 
tPLH.- tPHL = (0.66 ns/pF) Cy + 37 ns 
tPLH. tPHL = (0.5 ns/pF) CL + 25 ns 


a 
oa 


aus 
aa g 


an 
og 2 
: o 


wo 
o 
o 


tpLH. tpHL = (1.7 ns/pF) Cy + 30 ns 

teLH. tpHL = (0.66 ns/pF) Cy, + 32 ns 

tpLH. tpHL = (0.5 ns/pF) Cr + 20 ns ; 

tpLH. tpHL = (1-7 ns/pF) CL +45 ns NOR-Inverter 
tpLH, tpHL = (0.66 ns/pF) Cy +37 ns 

tpLH. teHL = (0.5 ns/pF) Cy +25 ns . 


exzj/2ss 

eaaltlo0sds 
—_ 
na 
aa 


~ 
o 





Su8loea 
NQ~ 
Rass s 


**The formuta given is for the typical characteristics only. © 
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FIGURE 1 — POWER DISSIPATION TEST CIRCUIT 
: AND WAVEFORM 


This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher. 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 


is recommended that Vin and Voyt be 
constrained to the range Vsg < (Vin or 
Vout) < Vop.- 
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vss or Vpp). : 


50% Duty Cycle 





FIGURE 2 — 4-INPUT “NAND” GATE SWITCHING | 
TIME TEST CIRCUIT AND WAVEFORMS 


input (A). 


Pulse ‘ 
* Generator 


Output (B) 





FIGURE 3 — “NOR” GATE and “NOR-INVERTER” 
SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 


Output (B) : 


‘input (A) : 
Pulse nee Output (C) 


Generator 


c CL 
Gs a ) tPLH 


Output (B) = “NOR” Ail unused inputs 


Output (C) = “NOR-Inverter’”’ connected to ground. Output (C) 
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STROBED HEX INVERTER/BUFFER 


The MC 145028 is a strobed hex buffer/inverter with 3-state out- 
put, an inhibit control, and guaranteed TTL drive over the temper- 
ature range. The 3-state output simplifies design by allowing a 
common bus. 


@ Quiescent Current = 2.0 nA/package typical @ 5 Vdc 








® Separate Output Disable Control 
© 3-State Output 
e 


Output Impedance = 200 ohms @ 5.0 V Supply Guaranteed 
Over Full Temperature Range 







Input Impedance = 1012 ohms typical 
@ Supply Voltage Range = 3.0 Vdc to 18 Vdc 


®@ Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range. 













MAXIMUM RATINGS (Voltages referenced to Vsg, Pin 8) 


[Symbor | vaiwe —_|_uni | 
—0.5 to +18 
c 


Rating : 
DC Supply Voltage 
Input Voltage, All Inputs 
DC Current Drain per Input Pin 
DC Current Drain per Output Pin 
Operating Temperature Range — AL Device 
CL/CP Device 


P10 «| rea | 
eel 


—55 to +125 
—40 to +85 


T stg ; —65 to +150 


CIRCUIT DIAGRAM. 


Storage Temperature Range 





. Disable 


Inhibit 


4 
! 1 


Other five buffers are identical 


TRUTH TABLE 


High 
tmpedance 


X = Don't Care 





McMOS is a trademark of Motorola Inc. 
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MC14502B 


McMOS MSI 


(LOW-POWER COMPLEMENTARY MOS) 


STROBED HEX 
INVERTER/BUFFER 


P SUFFIX 
PLASTIC PACKAGE 


. CASE 648 


L SUFFIX 
CERAMIC PACKAGE 


CASE 620 
ORDERING INFORMATION 


MC14XXXB Suffix Oenotes 


i L. Ceramic Package 
P Plastic Package 
A Extended Operating 
Temperature Range 
C Limited Operating 
, Temperature Range 


LOGIC DIAGRAM 


3-State 
Output Disable 


Inhibit 
D1 


Vop = Pin 16 
Vss = Pin 8 





‘ELECTRICAL CHARACTERISTICS 


_ Characteristic 



































Output Voltage "0" Level Vdc 
Vin = Vop or 0 0.05 
0.05 
; “1 Level 4.95 Vde 
Vin = O0r Vpp 9.95 
: 14.95 
_|!nput Voitage# “O" Level - Vde 
(Vo = 4.5 or 0.5 Vdc) 
(Vo = 9.0 or 1.0 Vdc) 
(Vo = 13.5 or 1.5 Vde) 
; “1” Level 
(VQ = 0.5 or 4.5 Vde) 3.5 Vde 
(Vo = 1.0 or 9.0 Vde) 7.0 
{VQ = 1.5 or 13,5 Vde) 11.0 


Output Drive Current (AL Device) 











(VOH = 2.5 Vde) Source 
(VoH = 4.6 Vde) 

(Von = 9.5 Vde) 

(VoH = 13.5 Vde) 

(Vot = 0.4 Vde) Sink 
(VoL = 0.5 Vde) 

(Vo = 1.5 Vde) 






Output Drive Current :(CL/CP Device) mAdc 
(VOH = 2.5 Vde} Source 
(VoH = 4.6 Vde) 

(VoH = 9.5 Vde) 
(VOH = 13.5 Vde) 

. (VoL = 0.4 Vdc) Sink 
(Vo, = 0.5 Vdc) 

(VoL = 1.5 Vde) 


Input Current (AL Device) ; ‘ 
Input Current (CL/CP Device) 


Input Capacitance 

(Vin = 0) 
Quiescent Current (AL Device) 
(Per Package) 










mAdc 








+0.1 uAdc 
40.3 uAdc 


| tt 
30 uAdc 
60 
120 ; 
30 uAdc 
60 
120 


Ip = (2.7 wA/KH2) f+ Ip Adc 
IT = (5.3 HA/kH2) f + Ipp 
IT = (8.0 HA/KHz2) f+ Ip 


Three-State Leakage Current +0.00001 uAdc 
(CL/CP Device) 


"Tow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
Noise immunity specified. for worst-case input combination. 
Noise Margin for both "1" and ‘0’ level = 1.0 Vde min@ Vpp =5.0 Vde~ 
2.0 Vde mMin@ Vpp = 10 Vde 
2.5 Vde min@Vpp = 15 Vdc 
_ tTo calculate total supply current at Aili other than 50 pF: 
I7(CL) = = 17 (50 pF) +6 x 107 Sie, —50) Vopf 
where: I+ ts in uA (per package), Cy in pF, Vpp in Vdc, and f in kHz is input frequency. 
ite formulas given are for the typical characteristics only at 25°C. 






1 pte ooO 

pel feat os 
ooo 

TOlo aaa 











~ 
on 












[Quiescent Current (CL/CP Device) 
(Per Package) 



















Total Supply Current* *t 
‘(Dynamic plus Quiescent, 
Per Package) 
(C__ = 50 pF on all outputs, all 
buffers switching) 
















Three-State Leakage Current 
(AL Device) 






This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high im- 
-pedance circuit. For proper operation it is recommended that Vip and Voyt be constrained to the range Vgg < (Vin or Vout) 


<Vpp. 
Unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vsg or Vp). 
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SWITCHING CHARACTERISTICS* (Cc, = 50 pF, Ta = 25°C) 


saa Rise Time 
= (3.0 ns/pF) Cy + 30 ns 180 360 
= (1.5 ns/pF) Cy + 15 ns : 90 180 ; 
ood. 1 ns/pF) Cy + 10 ns 65 130 | 
Output Fall Time 
40 80 
20 40 
15 30 
























= (0.6 ns/pF) Cy + 10 ns 
te = (0.3 ns/pF) Cy + 5.0 ns 
te = (0.27 ns/pF) Cy + 1.5 ns 


Propagation Delay Time 
tpH = (0.38 ns/pF) C_ + 116 ns 
tpy = (0.15 ns/pF) CL + 47.5 ns 
tpy = (0.11 ns/pF) Cy + 34.5 ns 


Propagation Delay Time 

tpiy = (1.4 ns/pF) Cy + 225 ns 
tpLy = (0.7 ns/pF) Cy +95 ns 
tery = (0.3 ns/pF) Cy + 80 ns 


3-State Propagation Delay, Output 1” to High Impedance 
teeqerey = (0.38 ns/pF) Cy + 46 ns 

teqerpg = (0.15 ns/pF) Cy + 22.5 ns 

teqeeey = (0.11 ns/pF) Cy + 19.5 ns 


3-State Propagation Delay, High impedance to 

ty+4-7 = (0.38 ns/pF) Cy + 241 ns 
tyyqer = (0.15 ns/pF) Cy + 97.6 ns 
tyyeq7 = (0.11 ns/pF) Cy + 74.5 ns 


3-State Propagation Delay, Output 0” to High Impedance 
tegvpy = (0.38 ns/pF) Cz. + 131 ns 
tegepy = (0.15 ns/pF) Cy + 62.5 ns 
tgp = (0.11 ns/pF) Cy + 49.5 ns 


3-State Propagation Delay, High Impedance to “0” Level 
ty9" = (0.38 ns/pF) Cy + 141 ns 
tyor = (0.15 ns/pF) Cy + 57.5 ns 
ty-o” = (0.11 ns/pF) Cy + 44.5 ns 
















































qe 


Level 























*The formula given is for the typical characteristics only. 


FIGURE 1 — TYPICAL OUTPUT SOURCE FIGURE 2 — TYPICAL OUTPUT SINK 
CURRENT TEST CIRCUIT (ton) CURRENT TEST CIRCUIT (Io ) 


Vos =-Vop 
Vos = VoH-Vop 
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FIGURE 3 — POWER DISSIPATION TEST CIRCUIT : FIGURE 4 — AMBIENT TEMPERATURE 
AND WAVEFORM ‘ POWER DERATING 





PLASTIC OR CERAMIC 
PACKAGE 








(Per Package) 





Pulse 
Generator 








Pp, MAXIMUM POWER DISSIPATION (mW) 




















25 50 75 100 125 150 175 
Ta, AMBIENT TEMPERATURE (°C) 





FIGURE 6 — 3-STATE AC TEST CIRCUIT AND WAVEFORMS 


FIGURE 5 — AC TEST CIRCUIT AND WAVEFORMS (teqH, tH1", tO" H. tH”O") 


(ty, te. tPHL.and tpLH) 
Switch Positions for 3-State Test 


teqeyy Open Closed Ctosed Open 
teovH Closed Open Open Closed 
tyo” |. Closed Open Open Closed 
tHe" Open Closed Closed Open 


Pulse ; 
Disable 
Inhibit Q1 


Di Q2 
Q3 
Q4 


Q2 
Q3 
a4 
Qs 


Generator 


For all ty, te, tpi, and tp, py measurements Vjpn, may be 
applied to any other Dy, input or to Inhibit. 


Disable 
tegry tHege 


=O05V@Vpp= SV, 
10 V,and 15 V 


Output 
(Tests 1 and 2) 


Q Outputs teary 
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MOTOROLA 
Semiconductors | MC14503B 


BOX 20912 6 PHOENIX, ARIZONA 85036 


HEX NON-INVERTING 3-STATE BUFFER - McMOS SSI 


- (LOW-POWER COMPLEMENTARY MOS) 

The MC14503B is a hex non-inverting buffer with 3-state outputs, 
and a high current source’ and sink capability. The 3-state outputs 
make it useful in common bussing applications. Two disable controls 
are provided. A high level on the Disable A input causes the outputs 
of buffers 1 through 4 to go into a high impedance state and a high 
level on the Disable B input causes the outputs of buffers 5 and 6 
to go into a high impedance state. 


HEX 3-STATE BUFFER 


@ 3-State Outputs 
TTL Compatible — Will Drive One TTL Load Over Full Tempera- 


ture Range 
7 L SUFFIX P SUFFIX 
Supply Voltage Range = 3.0 Vdc to 18 Vde CERAMIC PACKAGE PLASTIC PACKAGE 


Symmetrical Turn-On and Turn-off Delays CASEG20 Sarees 
Symmetrical Output Rise and Fall Times 

Two Disable Controls for Added Versatility 

Pin for. Pin Replacement for MM80C97 and 340097 





ORDERING INFORMATION 


MC14XXXB Suffix Denotes 
ie Ceramic Package 


Plastic Package 
Extended Operating 
Temperature Range 
Limited Operating 
Temperature Range 





MAXIMUM RATINGS (Voltages referenced to Vgg, Pin 8) 


FDC Current Drainperinputin dt dT Oi ma 
FBC Current Drain per Output Pin |_| 25 | made 


c 
Operating Temperature Range — AL Device Ta —55 to +125 °c 
CL/CP Device —40 to +85 
Storage Temperature Range a —65 to +150 


CIRCUIT DIAGRAM 


One of two/four buffers 













TRUTH TABLE 


Appropriate 
Disable 





X = Don't Care 





LOGIC DIAGRAM 
*tInny 
Disable B 18 
12 11 
: inS 5 
*Disable , 
Input 3 14 13 
\ , 2 3 


In6 


tn 


To Other Buffers 


i 
1 | % 
| 


L. in2 


*Diode protection on all inputs (not shown) In3 


This device contains circuitry to protect operation it is recommended that Vjp;, and ma 


the inputs against damage due to high Vout be constrained to the range Vsg < 

static voltages or electric fields; however, (Vin OF Vout) < YDD- Disable A 

it is advised that normal precautions be 

taken to avoid application of any voltage Unused inputs must-always be tied on an ‘ 

higher than maximum rated voltages to appropriate logic voltage level (e.g., either Vpp = Pin 16 


this high impedance circuit. For proper Vss or Vpp). Vgg = Pin 8 
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‘ ELECTRICAL CHARACTERISTICS 


Output Voltage ; ““O"" Level 
Vin = Vop or 0 





















“T" Level 
Vin = 0or Vop 






Noise Immunity # 


_ "0" Level 
(Vo = 3.6 or 1.4 Vdc) 
(Vo = 7.2 or 2.8 Vdc) 
(Vo = 11.5 or 3.5 Vde) 
“1” Level 


(Vo = 1.4 or 3.6 Vde) 
(Vo = 2.8 or 7.2 Vdc) 
(Vo = 3.5 or 11.5 Vde) 


Output Drive Current (AL Device)*** — 
(VOH = 2.5 Vde) Source 
(Von = 2.5 Vde) 

(VoH = 4.6 Vde) 
(Von = 9.5 Vde) 
(Voy = 13.5 Vde) 











, Sink 
(VoL = 0.4 Vae) 
(VoL = 0.4 Vdc) 
(VoL = 0.5 Vdc) 
(VoL = 1.5 Vdc) 
Output Drive-Current (CL/CP Device) *** 
(VOH = 2.5 Vdc) Source 
(Voy = 2.5 Vde) 
(VOH = 4.6 Vde) 
(VoH = 9.5 Vde) 
(VOH = 13.5 Vde) 























(Vor = 0.4 Vde) 
(Vou = 0.4 Vde) 
(VoL = 0.5 Vdc) 
(Vou = 1.5 Vde) 


Input Current (AL Device) 
tnput Current (CL/CP Device) 
Input Capacitance (Vj, = 0) 








5.0 








| 5.0 | 75 | 


Quiescent Current (AL Device) 0.002 1.0 
(Per Package) 0.004 2.0 
0.006 


40 

Quiescent Current {CL/CP Device) 40 - 
(Per Package) 8.0 
16 


(lt = 2.5 wA/KHz) f+ Ipp 
(It = 6.0 wA/kHz) f+ !1pp 
(it = 10 wA/kHz) f+ DD 








‘| Total Supply Current **t 
(Dynamic plus Quiescent, Per Package) © 
(C= 50 pF on all outputs) 

(All outputs switching, 50% Duty Cycle) 


3-State Output Leakage Current . Th 
3-State Output Leakage Current ITL 
ACL/CP Device} ; ‘ 


*Tlow = ~59°C for AL Device, —40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
#Noise immunity specified for worst-case input combination. 
tTo catculate total supply current at loads other than 50 pF; 
I7(C_) = 17 (50 pF) + 6 X 1073 (CL — 50) Vpop f 

_ bis in BA (per package) Cy in pF, Vop in Vde, and f in kHz is input frequency. 
**The formulas given are for the typical characteristics only at 25 C e 
***Care must be taken not to exceed maximum current ratings (see maximum ratings table and Figure 1). 













9 
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SWITCHING CHARACTERISTICS* (C, = 50 pF, Ta = 25°C) 


ae [A Types 
Characteristic Symbol 


Output Rise Time 
ty = (0.5 ns/pF) Ce +20 ns © 
ty = (0.3 ns/pF) Cy + 8.0 ns 
ty = (0.2 ns/pF) Cy + 8.0 ns . 


a] 


Output Fall Time. 
ts = (0.5 ns/pF) Cy +20 ns 
ts = (0.3 ns/pF) Cy +8.0 ns 
te = (0.2 ns/pF) Cy +8.0 ns 


Turn-Off Detay Time, all Outputs tPLH 
teLH = (0.3 ns/pF) CL + 60 ns . 
tpiH = (0.15 ns/pF) Cy + 27 ns 
tpiH = (0.1 ns/pF) Cy +20 ns : 

Turn-On Delay Time, ali Outputs tPHL 
tex = (0.3 ns/pF) Cy +60 ns 
tey = (0.15 ns/pF) CL + 27 ns 
tpHe = (0.1 ns/pF) Cy +20 ns 


3-State Propagation Delay Time 
Output "1 to High Impedance 
t-qepy = (0.12 ns/pF) Cy + 69 ns 
teqeyy = (0.12 ns/pF) Cy + 34 ns 
> teeqeng = (0.12 ns/pF) Cy + 29 ns 
Output “0” to High Impedance . 
tot = (0.12 ns/pF) Cy + 74 ns 
tory = (0.12 ns/pF) CL + 34 ns 
tg" = (0.12 ns/pF) CL+29ns- 
High Impedance to ’’1'’ Level 
tH4"" = (0.09 ns/pF) Cr +6 ns 
tH1" = (0.06 ns/pF) Cy + 22 ns 
tH"4 = (0.03 ns/pF) Cy + 19 ns 
High Impedance to ‘0’ Level 
tho” = (0.09 ns/pF) Cy +95 ns 
tyro” = (0.06 ns/pF) CL + 32 nis 
tho” = (0.03 ns/pF) Cy + 24 ns 


w 
a 


feos 


nN 
a 





*The formulas given are for the typical characteristics only. 


FIGURE 1 — AMBIENT TEMPERATURE POWER DERATING 


- P<} -—-—  }-+-+44 





= 
2 
= 
= 
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Bw 800 
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a 
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Ta, AMBIENT TEMPERATURE (°C) 
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FIGURE 2 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 
(ty, tf, tPHL. and tpi y) 


‘Input 


'PLH 


Pulse 
Generator 
: Output 





FIGURE 3 — 3STATE AC TEST CIRCUITS AND WAVEFORMS 
{t “1H, t H eq ¢ “Oo ow H, t H “oO”) 


Disable tnput Disable Input 
Pulse Pulse tegry, tygy Circuit 
Generator : Generator 


Disable Input 
teres 


Output for tegryy, tyge Circuit - = VoL + 0.05 V 


Tergeryy tHeae 


Output for teqepy, tyeqe Circuit * Von -0.15V 


Vou 
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64-BIT STATIC RANDOM ACCESS MEMORY 


The MCM14505 64-bit random access memory is fully decoded 
on the chip and organized as 64 one-bit words (64 X 1). Medium 
speed operation and micropower supply requirements make this 
device useful for scratch pad or buffer memory applications where 
power must be conserved or where battery operation is required. 

When used with a battery backup, the MCM 14505 can be utilized 
as an alterable read-only memory, allowing the battery to retain in- 
formation in the memory when the system is powered down, and 
allowing the battery to charge when power is applied. The micro- 
power requirements of this memory allow quiescent battery operation 
for great lengths of time without significant discharging. 


Quiescent Current = 5.0mA/package typical @ 5 Vdc 
Noise Immunity = 45% of Vpp typical 

Supply Voltage Range = 3.0 Vdc to 18 Vde 

Single Read/Write Control Line 


‘Wired-OR. Output Capability (3-State Output) for Memory 
Expansion 


Access Time = 180 ns typical at Vpp = 10 Vdc 
Write Cycle Time = 275 ns typical at Vpp = 10 Vde 
Fully Buffered Low Capacitance Inputs 


Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range 





MAXIMUM RATINGS (Voltages referenced to Vgs) 


Rating Sb Value ‘Unt 
OC Supply Voltage ; ~0.5to +18 | Vde 


Input Voltage, All Inputs 0.5 to Vpp + 0.5 
DC Current Drain per Pin p10 mA | 


Operating Temperature Range — AL Device -55 to +125 °c 
CL/CP Device ~40 to +85 


Storage Temperature Range -65 to +150 












This device contains circuitry to protect the inputs against damage due to high 
static voltages or electric fields; however, it is advised that normal precautions be 
taken to avoid application of any voltage higher than maximum rated voltages to 
this high impedance circuit. For proper operation it is recommended that Vin and 


Vout be constrained to the range Vgg < (Vin or Vout) < Vop- 
Unused inputs must always be tied to an, appropriate logic voltage level (e.g., 
either Vsg or Vpp). 





eNA9 


McMOS LSI 
(LOW-POWER COMPLEMENTARY MOS) 


64-BIT (64 x 1) STATIC 
RANDOM ACCESS MEMORY 


L SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE © 


CASE 632 © CASE 646 


ORDERING INFORMATION 


MC14XXXB Suffix Denotes 


Le L. Ceramic Package 
P Ptastic Package 


A Extended Operating 
Temperature Range 

C Limited Operating 
Temperature Range 


BLOCK DIAGRAM 


Ao 1 
; Al 2 
Address J A2 3 
Inputs \ as 4 i 0 10 Data Out 
Asis oy Sora 
AS 12 
Data In 13 


Strobe 5 
CE16 
CE28 
R/W9 0 


Control 


Vpp = Pin 14 
Vsg = Pin? 





ELECTRICAL CHARACTERISTICS 


Characteristic 


Output Voltage 0" Level 
Vin = Vpp or 0 


“1” Level 
n= 9or Vpp 


Noise Immunity # 
(4V out < 0.8, Vde) 
(4Voyt < 1.0 Vde) 
(4Voyt < 1.5 Vde) 
(4Voyt < 0.8 Vde) 
(4Vout < 1.0 Vde) 
(4V out < 1.5, Vde) 


Output Drive Current (AL Device) 
(VOH = 2.5 Vde) Source 
(VoH = 4.6 Vde) 

(Von = 9.5 Vde) 
(Von = 13.5 Vde) 


(VoL = 0.4 Vde) ink. 5 
(Voz = 0.5 Vdc) ‘ 
(VoL =1.5Vde) : 


Output Drive Current (CL/CP Device) 
(VOH = 2.5 Vde} Source 
(Von = 4.6 Vde) 

(VOH = 9.5 Vde) 

(Von = 13.5 Vde) 

(VoL = 0.4 Vde) Sink 
(VoL = 0.5 Vde) 

(VoL = 1.5 Vde) 


: eaxoooor| For | [Fo ane 
aa es ee 


Input Capacitance ; 75 ae 
(Vin = 0) - 
Quiescent Current (AL Device) 0. 0.050 5.0 ae Peal 
(Per Package) 0.100 bs oe 
: 0.150 
Quiescent Current (CL/CP Device) A — 
(Per Package} i ‘00 750 
; : 200 1500 : 


Total Supply Current* *t : Iz =(1.28 wA/kHz) f+ Ipp uAdc 
(Dynamic plus Quiescent, ‘ ty =(2.56 nA/kHz) f+ Ipp 
Per Package) - I+ =(3.85 wA/kHz) f+ IpD 


(Cy = 50 pF on all outputs, all 
buffers switching) - 

Soh Se Kal Ld 

Three-State Leakage Current +0.00001]} +1.0 £75 uAdc 

(CL/CP Device) : 


Three-State Leakage Current ‘ +0.00001 
{AL Device) 
*Tlow = -55°C for AL Device, 40°C for CL/CP Device. 


Thigh = +125°C for AL Device, +85°C for CL/CP Device. i 
#Noise immunity specified for worst-case input combination. 
tTo calculate total supply current at loads other than 50 pF: 
IT(CL) = 17(50 pF) + 1 x 10-3 (Cy --50) Vppf 
where: I is in 4A (per package), C_ in pF, Vop in Vde, and f in kHz is input frequency. 
**The formulas given are ior the typical characteristics only at 25°C. 
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SWITCHING CHARACTERISTICS* (Cc, =50 pF, Ta = 25°C) 


Output Rise Time . 
ty = (2.43 ns/pF) Cy + 58.5 ns 
tr = (1.08 ns/pF) Cy + 36 ns 
tr = (0.72 ns/pF) Cy + 39 ns 


Output Fall Time 
te = (2.16 ns/pF) Cy +52 ns 
tg = (0.96 ns/pF) CL + 32 ns 
t¢ = (0.69 ns/pF) Cy + 33 ns 


Propagation Delay Time 
Read Access Time 
tacc(R) = (1.4 ns/pF) Cy + 385 ns 
. tace({R) = (10.7 ns/pF) Cy + 175 ns 
tacc(R) = (0.5 ns/pF) Cy. + 105 ns 


Minimum Strobe Down Time 
Address Setup Time 
Data Setup Time 
Read Setup Time 
Write Setup Time 
Address Release Time 
Data Hold Time 

Read Retease Time 
Write Release Time 
Read Cycle Time 
Write Cycle Time 
Output Disable Delay 


(10% Output Change into 1.0 k2 Load) 


*The formula is for the typical characteristics only. 


tsTL 


5.0 
10 


tsetup(W) 


trel{R). 


6.945 


360 
180 
150 


320 
160 
130 





FIGURE 1 — READ CYCLE TIMING DIAGRAM 


(os EEE 


Strobe 


tsTH min = tcye(R) max—tSTL min 
tgetup(R) 


Re i 
ae 50% Note: The read/write input can be maintained at a logical ‘1 


(high voltage) during a read cycle. 


Data Output 
P Output 


Disabled 





FIGURE 2 ~ WRITE CYCLE TIMING DIAGRAM 


Address 


Either TSTH min = teyc(W) max—tSTL min 
High or Low : 


Note: The read/write input can be maintained at a logic '‘0"* 
c (low voltage) during a write cycle. If the read/write 
Read/Write input is maintained at a logic ‘0’ while the strobe is 
Zee tan et Low a logic ‘'1"', then the output data will be disabled (high 
impedance) during the write cycle. 


. tsetup(D) thoid(D) 
Data In 





FIGURE 3 — MAXIMUM STROBE PULSE WIDTH —. FIGURE 4 — TYPICAL READ ACCESS TIME 
. versus TEMPERATURE versus LOAD CAPACITANCE 
100 


tsTH, MAX STROBE PULSE WIDTH (ms) 
S 
tace(R). READ ACCESS TIME (ns) 





Ta, AMBIENT TEMPERATURE (°C) : CL, LOAD CAPACITANCE (pF) 
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MCM14505 | 


FIGURE 5 — TYPICAL OUTPUT SOURCE FIGURE 6 — TYPICAL OUTPUT SINK 
CAPABILITY versus TEMPERATURE . CAPABILITY versus TEMPERATURE . 


Vinput 
0 
= be 300 ns 
f=1.0kHz 

Yoo Notes: Voo 
° 1. Cycle R/W to ground and then to Vop ? 
prior to measurement to insure turn- 
on of the device under test. 

2. For the P-channel characteristics, 
Vps = Vou — Vop- 

3. For the N-channel! characteristics, 
Vps is measured directly. 


4. For the drain current, lp = ——- Amp 
100 













External 
Power 
Supply 


External 
ower 
Supply 
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OL, OUTPUT SINK CURRENT (mA) 
a ed 
Nata 
XS 
\ 





- IgH, OUTPUT SOURCE CURRENT (mA) 





4.0 
a 
> | L/; ’ (a) Ta = -55°C 
2.0 (b)Ta = +25°C 
> | = | bbsa vd (c) Ta = +125°C 
1, —f |_| . c 

SS ee oe Sige) 
0 2.0 4.9 60 8.0 10 


Vps, DRAIN VOLTAGE (Vdc) , Vos, GRAIN VOLTAGE (Vdc) 
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FIGURE 7 — FUNCTIONAL CIRCUIT DIAGRAM 


eo | 
Pot tral tey 


Row Decoder Inhibit 
A4, AS Column Decoder 


A0-A3 Row Decoder 


Cotumn Read/Write Inhibit | 2 
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OPERATING CHARACTERISTICS 


in considering the operation of the MCM14505 CMOS memory, 
refer to the functional circuit diagram of Figure 7 and timing 
diagrams shown in Figures 1 and 2. The basic memory cell is a 
cross-coupled flip-flop consisting of two inverter gates and two 
P-channel devices for read/write control. The push-pull cell provides 
high speed as well as tow power. 

During a read cycle, when the strobe line is high the write 
selection drivers are disabled and the data from the selected row is 
available on columns 1b, 2b, 3b, and 4b. The A4 and A5 address 
bits are decoded to select output data from one of the four columns. 
The output data is available on the data output pin only when the 
strobe and read/write lines are high simultaneously and after the 
read access time, tacc(R), has occurred (see Figure 1). Note that 
the output is initially disabled and always goes to the logic “0” state 
(low voltage) before data is valid. The output is in the high- 


impedance state (disabled) when the strobe line or the R/W line is_ 


in the low state. The memory is strobed for reading or writing only 
when the strobe, CE1, and CE2 are high simultaneously. The R/W 
line can be a dc voltage during a'read or write cycle and need not 
be pulsed, as shown in the timing diagrams. For this case the R/W 
fine should be a logic “1” (high) for reading and a logic “0” for 
writing. 

When the strobe line is high, the column read/write inhibit 
gates and the row decoder inhibit gates are disabled, the selected 


APPLICATIONS INFORMATION 


Figure 8 shows a 256-word by n-bit static RAM memory system 
The outputs of four MCM14505 devices are tied together to form 
256 words by 1 bit. Additional bits are attained by paralleling the 
inputs in groups of four. Memories of larger words can be attained 
by decoding the most significant bits of the address and ANDing 
them with the strobe input. 

Fan-in and fan-out of the memory is limited only by speed 
requirements. The extremely low input and output leakage. current 
(100 nA maximum) keep the output voitage levels from changing 

- significantly as more outputs are tied together. With the output 
levels independent of fan-out, most of the power supply range is 
available as logic swing, regardless of the number of units wired 
together. As a result, high noise immunity is maintained under 
all conditions. 

Power dissipation is 0.1 wW per bit at a 1.0-kHz rate for a 
5.0-volt power supply, while the static power dissipation is 2.0 nW 
per bit. This low power allows non-volatile information storage 
when the memory is powered by a small standby battery. 

Figure 9 shows an optional standby power supply circuit for 
making a CMOS memory. “‘non-voiatile’.. When the usual! power 
fails, a battery is used to sustain operation or maintain stored 
information. While normal power supply voltage is present, the 
battery is trickle-charged through a resistor which sets the charging 
rate. Vg is the sustaining voltage, and Vt is the ordinary voltage 


from a power supply. Vpp connects to the power pin on the 


memory. Low-leskage, diodes are recommended to conserve 
battery power. 

The memory system shown in Figure 8 can be interfaced 
directly with the other devices in the McMOS family. No external 
components are required. 

At the inputs to the CMOS memory, TTL. devices can interface 
directly if an open-collector togic gate such as the MC7407 is used 
“as shown in Figure 10. Driver circuits are not required since the 
input capacitance is low (4.0 to 6.0 pF). The address, data, and 
read/write inputs do not need to be fast since they can be changed 
for the duration when the strobe pulse is low, tg _ (see Figures 1 
and 2). For high-speed operation, a push-pull driver should be used 
if more than five strobe inputs must be driven at one time. One 


_ provides higher speed and/or high fan-out. 


circuit of the type shown in Figure 10 can be used for every ten. . 


strobe inputs. 


MOTOROLA Semiconductor Products Inc. 


eaan 






row is in the low state, and the unselected 15 rows retain their 
logic ‘1’ level due to the row capacitance that exists when the row 
decoder inhibit gates are disabled. This capacitive storage mecha- 
nism requires a maximum strobe width (see Figure 3) equal to the 
junction reverse bias RC time constant. When the strobe is returned 
to a logic “0” the rows are forced to Vpp by the row decoder 
inhibit gates (pullup devices). Similarly the column read/write 
inhibit gates (pulldown devices) force the column lines to a logic 
“QO” state. 7 

Two column lines are associated with each memory cell in order 
to. write into the cell. The write selection drivers are enabled when 
the R/W fine is a logic “0’’ and the strobe line is a logic “1°. The 
input data is written into the column selected by the column 
decoder. For instance, if a ‘’1” is to be written in the memory cell 
associated with row 1 and column 1, then row 1 would be enabled 
(logic ‘‘0’’) while column 1b is forced high and column 1a is forced 
low by the write selection drivers. If a logic ‘’0” is to be written 
into the cell, then column 1a is forced high and 1b is forced low. 
The data that is retained in the memory cell is the data that was — 
present on the data input pin at the moment the strobe goes low 
when R/W is low, or when R/W goes high when the strobe is high. 


de 


Figures 11, 12, and 13 show methods of interfacing the 
memory output to TTL logic at. various memory voltages. {fa 
Vop of 5.0 volts is used for slow-speed, low-power applications, 
one transistor and one resistor must be used (Figure 11). The 
MCM14505A L will drive one low-power TTL gate directly. - 

If a Vpp of 10 volts is used, the output of the memory device 
can fan out to two low-power TTL gates (Figure 12a) or to a 
discrete transistor (Figure 12b). The discrete transistor circuit 
A pulldown resistor 
at the base of the transistor is not needed for fast turn-off because 
of the push-pull output of the memory. Turn-on time of the 
transistor is much faster in Figure 12b since the voltage rise is only 
0.75 volt. The low output capacitance of the MCM14505 means - 
that several outputs can be wire-ORed without significantly de- 
grading performance. The read access time is increased by only 
20 ns typically for 16 outputs tied together when Figure 12b 
is used. 

Five low-power TTL. gates can be driven from the memory 
output if a Vpp. of 15 volts is used (Figure 13a). Figure 13b 
shows the interface if a discrete transistor is used. The 1.0 kilohm 
resistor in the base is required to insure that not more than 10 mA 
flows through the output as listed in the maximum ratings. If a 
2.0 kilohm collector resistor is used (fan-out = 3), the turn-on 
time of the transistor is only slightly faster than in the circuit 
shown in Figure 12b due. to the lower output impedance when 
Vpp. = 15 volts. The voltage at the memory data output has to 
rise to only 1.3 volts to insure driving a fan-out of three TT L devices. 

if a 510-ohm collector resistor is used, 20 TTL loads may be 
driven. The read access time is increased about 20 ns when four 
memory outputs are tied together since the output voltage must 
tise to 3.7 volts before the transistor can sink the full Ig, for a 
fan-out of 20 TTL devices. Almost any NPN transistor with a 
minimum beta of 15 can be used for the ntertace shown in 
Figures 11, 12 and 13. 

The high source current from the push-pull Output stage of the 
MCM14505 makes for a simpler interface circuit since alow source 
current memory requires a Sirteronss) comparator to achieve high- 
speed operation. : 


, 





FIGURE 8 — CMOS 256-WORD BY n-BIT STATIC 
READ/WRITE MEMORY 
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Circuit diagrams utilizing Motorola products are included as a means is believed to be entirely reliable. However, no responsibility is 
of illustrating typical semiconductor applications; consequently, assumed for inaccuracies.. Furthermore, such information does not 
complete information sufficient for construction purposes is not convey to the purchaser of the semiconductor devices described any 
necessarily given. The information has been carefully checked and license under the patent rights of Motorota Inc. or others. 
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FIGURE 9 — STAND BY FIGURE 11 — CMOS-TO-TTL INTERFACE 
BATTERY CIRCUIT FIGURE 10 — TTL TO CMOS INTERFACE - FOR Vpp = 5.0 V 


TOTTL 
(F.O. = 1) 


2N3904 
or Equiv 
1/6 MC7407 


Note: The MCM1450SAL will drive one 
low power TTL gate directly. 





FIGURE 12 — CMOS-TO-TTL INTERFACE 
FOR Vpp = 10 V 





a. Using a Low-Power TTL Gate ; b. Using Discrete Devices 


e v 
“po = 10 ce Vop = 10 V Vec 


Germanium 
Diode 


TOTTL 
(F.O. = 20) 


MCM14505 or Satis 


Low-Power 
TTL Gate 


FIGURE 13 — CMOS-TO-TTL INTERFACE 
FOR Vpp = 15 V 


a. Using Low-Power TTL Gates b. Using Discrete Devices 


Vpoo = 15 VO OVec Vop= 15 V Vee 


Germanium Q 


Diode 


or Equiv 


Low-Power TTL (Maximum = 5) 


*2.0 kilohms for F.0. = 3 
*510 ohms for F.O. = 20 
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MOTOROLA 
Semiconductors 


BOX 20912 « PHOENIX, ARIZONA 85036 


MC14506B 


McMOS SSI 


DUAL 2-WIDE, 2-INPUT EXPANDABLE 
(LOW-POWER COMPLEMENTARY MOS) 


AND-OR-INVERT GATE 


The MC14506B is an expandable AND-OR-INVERT gate with in- 
hibit and 3-state output. The expand option allows cascading with 
any other gate, which may be carried as far as desired as long as the 
propagation delay added with each gate is considered. For example, 
the second AOI gate in this device may. be used to expand the first 
gate, giving an expanded 4-wide, 2-input AOI gate. This device is 
useful in data control and digital multiplexing applications. 


DUAL EXPANDABLE 
AND-OR-INVERT GATE 


Quiescent Current = 2.0 nA/package typical @ 5 Vdc 
3-State Output , 
‘Separate Inhibit Line 

Diode Protection on All Inputs 

Supply Voltage RAnge = 3.0 Vdc to 18 Vdc 


Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range : 


L SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 620 CASE 648 


ORDERING INFORMATION 


MC14XXXB Suffix Denotes 


te L Ceramic Package 
P Plastic Package 
A Extended Operating 
Ternperature Range 


Limited Operating 
Temperature Range 





MAXIMUM RATINGS (Voltages referenced to Vg) : 

[Symbol] Value 
DC Supply Voltage ea 
Input Voltage, All Inputs i 
DC Current Drain per Pin Pott 10m Ade | 


Operating Temperature Range — AL Device Ta -55 to +125 °C 
CL/CP Device : ~-40 to +85 
Storage Temperature Range -65 to +150 


























This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to 
this high impedance circuit. For proper 
; operation it is recommended that Vjp, and 
LOGIC DIAGRAM Vout be constrained to the range Vsg < 
: (Vin or Vout) < Vop. , 
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vgg or Vpp)- 





TRUTH TABLE 


ATS] C] [© [wniert|orsasce] 2] 


0 


Z=(AB+CD+ E+!) 0 
: High 
' : Impedance 


ie) 
Oo Oo 
; Oo Oo 
Oo oO 
oO, ie) 
x i¢) 
x i) 
x Oo 


0 
x 
ie) 
x 
Oo} 1 
x {Xx 
1,xX 
x| oO 


oO 
x 
x 
i) 
x1 0 
47 1 
x] xX} 1 
xX] Xx] Xx 


xx 
x x 
xx 
x x 
xx 
xa 


X = Don’t Care 
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MC14506B 
ELECTRICAL CHARACTERISTICS 


Output Voltage 
Vin = Vpp or 0 . 
“T" Level 
Vin = O0r Vpp 


Input Voltage# “ov Level 
(Vo = 4.5.0r 0.5 Vdc) 
(Vo = 9.0 or 1.0 Vde) 
(Vo = 13.5 or 1.5 Vde) 


“1” Level 


(Vo = 0.5 or 4.5 Vde) 

(Vo = 1.0 or 9.0 Vde) 

(VO = 1.5 or 13.5 Vdc) 
Output Drive Current (AL Device) 

(VOH = 2.5 Vde) Source 

(Von = 4.6 Vde) 

(VoH = 9.5 Vde) 

(VOH = 13.5 Vde) 

(VoL = 0.4 Vdc) Sink 

(VoL = 0.5 Vde) 

(Vo_ = 1.5 Vde) 


Output Drive Current (CL/CP Device) 
(VOH = 2.5 Vdc) Source 
(VOH = 4.6 Vde) 

(VopH = 9.5 Vde) 

(VoH = 13.5 Vde) 

(VoL = 0.4 Vde) Sink 
(VoL = 0.5 Vdc) 

(Vo = 1.5 Vde) 


Input Current (CL/CP Device) 


Input Capacitance 
(Vin = 0) 


Quiescent Current (AL Device) . ‘ 
(Per Package) A 


20. oT +0.1 
+0.00001 | +0 ad 


a ~“ ° 
© a 


Quiescent Current (CL/CP Device) 
(Per Package) 





Total Supply Current**t ; = (0.6 wA/kHz) f+ Ippo 
(Dynamic plus Quiescent, 2 = (1.1 wA/kHz) f+ Ipp 
Per Package) Ip = (1.7 pA/KHz) f +!IDD 
(C= 50 pF on all outputs, all : 
buffers switching) 


Three-State Leakage Current i +0.00001 
(AL Device) ? : ina 
Three-State Leakage Current +0.00001 
(CL/CP Device) 
*Tiow = -85°C for AL Device, -40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
Noise immunity specified for worst-case input combination. 
Noise Margin for both “1” and “0” level = 1.0 Vde min@ Vpp =5.0 Vde 
2:0 Vde min@ Vpp = 10 Vde 
‘2.5 Vdemin@Vpp = 15 Vde 
tTo calculate total supply current at aos other than 50 pF: 
i(C._) = 17 (50 pF) + 2 x 10-3 (Cy. —50) Vopf 


where: I-r is in uA (per package), Cy in pF, Vppo in Vde, and f in kHz is input frequency. 
**The formulas given are for the typical characteristics only at 25°C. ; 
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MC14506B | _ 7 
SWITCHING CHARACTERISTICS* (C, = 50 pF, Ta = 25°C) 


Output Rise Time — 

te = (3.0 ns/pF) Cy +30ns - 
ty = (1.5 ns/pF) Cy +15 ns 
ty = (1.1 ns/pF) CL +10 ns 
Output Fall Time 
te = (1.5 ns/pF) Cy, + 25 ns 

te = (0.75 ns/pF) C_ + 12.5 ns 
t= (0.55 ns/pF) Cy +9.5 ns 
Data Propagation Delay Time 
teLH = (1.7 ns/pf) CL + 210 ns 
tPLH = (0.66 ns/pF) CL +77 ns 
tpLH = (05 ns/pF) C,_ + 50 ns 
teHL = (1.7 ns/pF) + C, 185 ns 
PHL = (0.66 ns/pF C, +62 ns 
tpt = (05 ns/pF) Cy + 40 ns 
| Expand Propagation Delay Time 
tPLH = (1.7 ns/pF) Cy +95 ns 
tPLH = (0.66 ns/pF) Cy, +42 ns 
tPLH = (05 ns/pF) Cy + 25 ns 
tpHy = (1.7 ns/pF) CL + 115 ns 
tpHL = (0.66 ns/pF) Cy +47 ns 
tPHL = (0.5 ns/pF) Cy + 30 ns 


inhibit Propagation Delay Time 
tPLH = (1.7 ns/pF) Cy + 135 ns 
tPLH = (0.66 ns/pF) Cy, + 67 ns 
tPLH = (0.5 ns/pF) C_ + 40 ns 
tPHL = (1.7 ns/pF) Cy + 145 ns 
tPHL = (0.66 ns/pF) Cy +62 ns 

tPHL = (0.5 ns/pF) Cy + 35 ns 


3State Propagation Delay Time 
“1° to High Impedance 





3 
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*The formula given is for the typical characteristics only. 


FIGURE 1— TYPICAL VOLTAGE TRANSFER CHARACTERISTICS 
(a) EXPAND INPUTS (b) DATA INPUTS 


a Ta =+4125°C 
b Ta=+25°C 


A and B connected to Vin 
Enable input connected to 
Vpp. Other inputs connec- 


Vout. OUTPUT VOLTAGE (Vide) 
Vout, OUTPUT VOLTAGE (Vdc) 





a TaA=+125°C 
b Ta=+25°C 
c Ta=-55°C 
0 0 
0 20 40 so 80 100 12 4 16 0 20 40 co 80 0 12 4 06 
Vin, INPUT VOLTAGE (Vdc) Vin. INPUT VOLTAGE (Vie) 
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FIGURE 2 — TYPICAL OUTPUT SOURCE . FIGURE 3 — TYPICAL OUTPUT SINK 
CHARACTERISTICS TEST CIRCUIT CHARACTERISTICS TEST CIRCUIT 


External External 


Power 
Supply 


Power 
Supply 





FIGURE 4 — 3-STATE LEAKAGE CURRENT 
- TEST CIRCUIT FIGURE 5 — TYPICAL POWER DISSIPATION TEST CIRCUIT 





Pulse 
Generator 


50% Duty Cycle 






Semiconductor. Products tnc. 


BR.9RR 


MC14506B 





FIGURE 6 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 
(Data Inputs) 


Pulse 
Generator 





FIGURE 7 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS . 
(For 3-State Output) 


20 ns 


Disable 
Input 


tegry 
VoH 
=25V@Vpp=SV, 
10 V, and 15 V 


Output 
tpg {: 2V@Vpp= 5V 


= 6V@Vpp=10V 


= 10V @Vpp = 15 V 
——-VoL 


10% 


Pulse 
Generator 


*To test other side of circuit connect to this output and 
~ change switch (S1) to other expand input (E). 


SWITCH POSITIONS 


tvorH 
tray 
tHeo” 
tHea" 
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MOTOROLA | 
Semiconductors ~ MC14507° 


BOX 20912. PHOENIX, ARIZONA 85036 


QUAD EXCLUSIVE’“OR” GATE McMOS SSi 


The MC14507 quad exclusive OR gate is constructed with MOS (LOW-POWER COMPLEMENTARY MOS) 
P-channel and N-channel enhancement mode devices in a single . 
monolithic structure. These complementary MOS logic gates find 
primary use where low power dissipation and/or high noise immun- QUAD EXCLUSIVE “OR” GATE 
ity is desired. ¢ ; 





Quiescent Current = 0.5 nA/package typical @ 5 Vde 
Noise Immunity = 45% of Vpp typical 

Diode Protection on All Inputs 

Supply Voltage Range = 3.0 Vdc to 18 Vdc 

Single Supply Operation — Positive or Negative 

High Fanout >50 © 

Input Impedance = 1012 ohms typical 

Logic Swing Independent of Fanout 


1 


L SUFFIX: P SUFFIX 
CERAMIC PACKAGE — PLASTIC PACKAGE 


CASE 632 CASE 646 
ORDERING INFORMATION 
MC14XXX Suffix Denotes 
a ‘ Ceramic Package 
: Plastic Package 
MAXIMUM RATINGS (Voltages referenced to Vss) Extended Operating 


Temperature Range 
| Symbol | Value Unit _| Limited Operating 
DC Supply Voltage -0.5 to +18 


Temperature Range 
Input Voltage, All Inputs ~0.5 to Vpp + 0.5 


‘| DC Current Drain per Pin Pot of 10 mA | 
Operating Temperature Range — AL. Device -55 to +125 
; CL/CP Device ~40 to +85 
| 


Storage Temperature Range : ~65 to +150 











LOGIC DIAGRAM 
POSITIVE LOGIC 


NOTE: 


Not Recommended for New Designs, Use MC14070B as a Direc 
Replacement. 


- 32102 


VoD =Pin 14 
Vss:Pin 7 
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MOTOROLA 


Semiconductors | MC14508B 


BOX 20912. PHOENIX, ARIZONA 85036 





DUAL 4-BIT LATCH 


The MC14508B dual 4-bit latch is constructed with MOS Pichia: 
nel and N-channel enhancement mode devices in a single mono- 
lithic structure, The part consists of two identical, independent 4-bit 
latches with separate Strobe (ST) and Master Reset (MR) controls, 
Separate Disable inputs force the outputs to a high impedance state 
and allow the devices to.be used in time sharing bus line applications. 

These complementary MOS latches find primary use in buffer 
storage, holding register, or general digital logic functions where low 
power dissipation and/or high noise immunity is desired. Additional 
characteristics can be found on the Family Data Sheet. 

@ Quiescent Current = 5.0 nA/package typical @5 Vdc 

High Fanout > 50 

Input Impedance = 1012 ohms typical 

3-State Output 

Supply Voltage Range = 3.0 Vdc to 18 Vde 

Capable of Driving Two Low-power TTL Loads, One Low-power 

Schottky TTL Load to Two HTL Loads Over the Rated Temper- 

ature Range. 


MAXIMUM RATINGS (voltages referenced to Vg) 
eee ee 
[OC Current Drain perPin mA | 
operating Temperature Range — AL Device 

; CL/CP Device -40 to +85 
Storage Temperature Range ei Fe Be 


TRUTH TABLE 


| [a Tar Tone Tos [oa [on | oe [as Tas Tot Tan) 


McMOS MSI 


(LOW-POWER COMPLEMENTARY MOS) 


DUAL 4-BiIT LATCH 


L SUFFIX 
CERAMIC PACKAGE 
CASE 716 





P SUFFIX 
PLASTIC PACKAGE 
CASE 709 







ORDERING INFORMATION 





MC14XXXB Suffix Oenotes 


L 











Ll Ceramic Package 

P Plastic Package 

A Extended Operating 
Temperature Range 

C Limited Operating 
Temperature Range 





BLOCK DIAGRAM 


CIRCUIT DIAGRAM 


(To other three latches) | Vpoo = Pin 24 
; Vgs * Pin 12 
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ELECTRICAL CHARACTERISTICS 


Vpp 
Characteristic Symbol | Vde | Min | Max | 
OL 


Output Voltage “0” Level Vv 0.05 
~ Vin = Vpp or 0 0.05 


pO | Tg | 


Typ 






0.05 
0.05 





f=} 
a 


i=} 


“t" Level 
Vin = O0or Vpp 


Input Voltage # “O" Level 
(Vo = 4.5 or 0.5 Vde) 
(Vo = 9.0 or 1.0 Vdc) 
(Vo = 13.5 or 1.5 Vde) 

= "41" Level, 
(Vg = 0.5 of 4.5 Vac) 
(Vo =-1.0 or 9.0 Vdc) 
(Vo = 1.5 or 13.5 Vde) 

Output Drive Current (AL Device} 
(VOH = 2.5 Vde) Source 
(VoH = 4.6 Vde) 

(Voy = 9.5 Vde) 

(VoH = 13.5 Vde) 

(Voz = 0.4 Vdc) Sink 
(Voz = 0.5 Vde) 

(Vo = 1.5 Vde) 


Output Drive Current (CL/CP Device) 
(VOH = 2.5 Vdc) Source 
(Vou = 4.6 Vdc) 

(Von = 9.5 Vde) 

(VoH = 13.5 Vde) 

(VoL = 0.4 Vde) Sink 
(VoL = 0.5 Vde) 

(VoL = 1.5 Vde) 


Input Current (AL Device) 


Input Current (CL/CP Device) 





0.44 0.88 
1.1 2.25 


| 
°o 
~ 


+0.00001 | +0.1 
0.00001 | +0.3 


Input Capacitance 
(Vin = 0) . 
{Quiescent Current (AL Device) 
(Per Package) 


Quiescent Current (CL/CP Device) 
(Per Package) 


Total Supply Current**t 
(Dynamic plus Quiescent, 
Per Package) 


8 
0.005 
0.010 
0.015 


0.005 


[o] 
ol 


3.0 8. 

x03 | | 
aoe I 

20 

40 0.010 

80 0.015 


Ip = (1.46 wA/kHz) f + Ippo 
I7 = (2.91 HA/KH2) f + IpD 
Ip = (4.37 wA/kKHz) f + [pp 


‘(Cy = 50 pF on ail outputs, all 
- buffers switching) 


Three-State Leakage Current Ite 
(AL Device) ‘ 


Three-State Leakage Current , 
(CL/CP Device) a 





*Tlow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh "= +125°C for AL Device, +85°C for CL/CP Device. 
#Noise immunity specified for worst-case input combination. 
Noise Margin for both "1" and 0" level = 1.0 Vde min@ Vpp = 5.0 Vdc 
2.0 Vde min @ Vpp = 10 Vde 
é 2.5 Vde min @Vpp = 15 Vde 
tTo calculate total supply current at Joads other than 50 pF: 
IT(CL) = I-(50 pF) +8 x 10-3 (Cy -50) Vppft a 
where: I+ is in uA (per package), Cin pF, Vpp in Vdc, and f in kHz is input frequency. 
**The formulas given are for the typical characteristics only at 25°C. : 
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'MC14508B | e | 
SWITCHING CHARACTERISTICS* (c, =50 pF, Ta = 25°C) 


: 


Output Rise Time 
ty = (3.0\ns/pF) Cy + 30 ns 
ty = (1.5 ns/pF) CL + 15 ns 
ty = (1.1 ns/pF) Cy + 10 ns 


Output Fail Time 
te = (1.5 ns/pF) Cy + 25 ns 
te = (0.75 ns/pF) Cy + 12.5 ns 
te = (0.55 ns/pF) C, + 9.5 ns 


Propagation Delay Time Me 
tPLH. tPHL = (1.7 ns/pF) CL + 135 ns 
tPLH. tPHL = (0.66 ns/pF) Cy + 57 ns 
teLH, tpHy = (0.5 ns/pF) Cy, + 35 ns 


=~ = OF 


Minimum Master Reset Pulse Width 


Minimum Strobe Pulse Width 


Minimum Setup Time 


Hold Time 


3-State Propagetion Delay Time 
Output ‘1” to High Impedance 
te4ep4 = (0.49 ns/pF) Cy + 60.5 ns 
tgp = (0.29 ns/pF) Cy + 35.5 ns 
teqerny = (0.19 ns/pF) C_ + 25.5 ns 
Output ‘’0” to High Impedance 
tor py = 0.32 ns/pF) Cy + 49 ns 
t-orpy = (0.29 ns/pF) Cy + 25.5 ns 
teorpy = (0.28 ns/pF) Cy + 16 ns 
High Impedance to “'1’’ Level 
ty = (0.41 ns/pF) Cy + 64.5 ns © 
tH17 = (0.31 ns/pF) Cy + 34.5 ns ° 
ty4"" = (0.30 ns/pF) C_ + 20 ns 
High Impedance to ‘‘0" Level 
tro = (0.49 ns/pF) Cy + 60.5 ns 
tH9” = (0.29 ns/pF) C,_ + 35.5 ns 
tyr = (0.19 ns/pF) C, + 25.5 ns 


*The formula given is for the typical characteristics only. 





~ = OF 
oo 






This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high im- 
pedance circuit. For proper operation it is recommended that Vin and Voyt be constrained to the range Vss < (Vin or Vout) 
<Vpp. ‘2 , ; 
Unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vsg or Vpp). 
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MC 14508B 





FIGURE 1 — AC WAVEFORMS 


PWmua 


Master Reset 
input 50% 


* pape <r ae 








Vop 
STi 








Pulse 
Generator 












Peau [| OPEN | cLose | cLose | OPEN | 
[torn | CLOSE | OPEN [OPEN {CLOSE | 
Ptao | CLOSE [OPEN | OPEN | CLOSE | 


Pani | Oren | cose |ctose | OPEN 


, . 20 ns 


Disable 
Horny 


Vss 
ty” 


90% VOH 

=2.5V @Vpp=5V, 
10 V, and 15 V 

tyeae 

{= 2V@Vypp= SV 


Q3 Output tegen 


= 6VE@Vpnp=10V 
= 10V@Vpp=i5V 


You 
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3-STATE MODE OF OPERATION 


The MC14508B can be used in bussed systems as shown. 
The output terminals of N 4-bit latches can be directly wired to a 
bus line, and to one of the 4-bit latches selected. The selected 
latch controls the logic state of the bus Jine, and the remaining 
(N-1) 4-bit latches are disabled into a high impedance “off” state. 
The number of latches, N, which may be connected to a bus line is 
determined from the output drive current, lop, the 3-state or 
disabled output: leakage current, I, and the load current, IL, 
required to drive the bus line (including fanout to other device Disabled 
inputs) and can be calculated by the following: 


lop -1 
Na ODL 44 
TL 


N must be calculated for both high and low logic states of the 
bus line. 














Disabled 


V2. 
Mc 145088 


TYPICAL 3—STATE APPLICATIONS 
EXAMPLE 1 


4-Bit Shift 
Register 


BUS LINES 


















4-Bit Shift 


Serial Register 


Data 


Strobe 









Quad Latch 


Disable (3-State) 


Disable 





4-Line Data Bus 







EXAMPLE 2 





Data Bus 


3-State 
4-Bit Latch 
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MOTOROLA | 
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BCD UP/DOWN COUNTER 


McMOS MSI 


The MC14510B-BCD up/down counter is constructed with MOS (LOW-POWER COMPLEMENTARY MOS) 


P-channel and N-channel enhancement mode devices in a single 
monolithic structure. The counter consists of type D flip-flop stages 
with a gating structure to provide type T flip-flop capability. The 
counter can be cleared by applying a high level on the Reset line. 
This complementary MOS counter finds primary use in up/down and 
difference counting and frequency synthesizer applications where 
low power dissipation and/or high noise immunity is desired. {t is 
.also useful in A/D and D/A conversion and for magnitude. and sign 
generation. 


BCD UP/DOWN COUNTER 


Quiescent Current = 5.0 nA/package typical @ 5.0 Vdc 
Noise Immunity = 45% of Vpp typical 

Diode Protection on All Inputs 

Supply Voltage Range = 3.0 Vdc to 18 Vdc 


Low Input Capacitance — 5.0 pF typical L SUFFIX P SUFFIX 


CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 620 CASE 648 


Interrially Synchronous for High Speed 


Logic Edge-Clocked Design - Count Occurs on Positive Going 
Edge of Clock 


5.0-MHz Counting Rate 
Asynchronous Preset Enable Operation 


ORDERING INFORMATION 


MC14XXXB Suffix Denotes 


ea Ceramic Package 
P Plastic Package 


A Extended Operating 
Temperature Range 
Limited Operating 
Temperature Range 


Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Tempera- 
ture Range. 





MAXIMUM RATINGS (Voitages referenced to Vss) 


Symbol uni 
DC Supply Voltage -0.5 to +18 
Input Voltage, All Inputs -0.5 to Vpp + 0.5 


BLOCK DIAGRAM 


OC Current Drain per Pin fF 10 
Operating Temperature Range — AL Device Ta: -55 to +125 
CL/CP Device a -40 to +85 


-65 to +150 





TRUTH TABLE 


PRESET Al 
CARRY IN| UP/DOWN | ENABLE | RESET} ACTION 


Be es on No Count 
= Oe] 


[0 | Count Down| 


. 


Vop = Pin 16 
Vss = Pins 


ee eas Cara es 
ae ae 


X = Don’t Care’ 
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MC14510B 
ELECTRICAL CHARACTERISTICS 


Vop 
Characteristic are Vde 


Output Voltage "0" lea 


Vin= Vpp or 0 © 


“1"" Level 
Vin = 0 or Vpp 
Input Voltage# “0” Level 
(Vo = 4.5 or 0.5 Vde) 
(VQ = 9.0 or 1.0 Vdc) 
(Vo = 13.5 or 1.5 Vde) 
“1” Level 
(Vo = 0.5 or 4.5 Vdc) 
(Vo = 1.0 or 9.0 Vde} 
(Vo = 1.5 or 13.5 Vdc) 

Output Drive Current (AL Device) 
(VOH = 2.5 Vde) Source 
(Vor = 4.6 Vde) 

(VOH = 9.5 Vde) 

(VoH = 13.5 Vde) 

(VoL = 0.4 Vdc) Sink 
(Voz = 0.5 Vde) 

(VoL = 1.5 Vde) 


Output Drive Current (CL/CP Device) 

(VOH = 2.5 Vde) Source 

(VOH = 4.6 Vdc) 

(VOH = 9.5 Vde) 

_ (Von = 13.5 Vde) 

(VoL = 0.4 Vde) Sink 

(VoL = 0.5 Vde) 

(VoL = 1.5 Vde) 
tin | 
iY 


Input Current (AL Device) 
Input Current (CL/CP Device) 


Input Capacitance 
(Vin = 0) 

Quiescent Current (AL Device) 
(Per Package) 


Quiescent Current (CL/CP Device) 
_ {Per Package) 


Total Supply Current**t © 
(Dynamic plus Quiescent, 
Per Package) 
(C,, = 50 pF on all outputs, alt 
buffers switching) 


*Tlow = ~55°C for AL Device, -40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
#Noise immunity specified for worst-case input combination. 


Noise smart for both “1” and “0” level = 1.0 Vde min@ Vpp = 5.0 Vdc 


2.0 Vde min @ Vpp = 10 Vde 


2.5 Vde min @ Vpp. = 15 Vde - 


+To calculate total supply current at loads other than 50 pF: 
IT(C_) = I7(50 pF) + 1.x 10-3 (C, -50) Vppft 


0.88 
_ - 


“aaa £0.1 
+0.00001 |} +0.3 


0.005 
0.010 
0.015 


0.005 

0.010 

0.015 

= {0.58 BA/KHz) f+ a 
a = (1.2 nA/kHz) f+ Ipp 
= (1.7 uA/kHz) f+ Ipp 


Lg 
= : 


E 
= 





where: IT is in uA (per package), CL in pF, Vpp in Vde, and f in kHz is input frequency. 
**The formulas given are for ahe typical characteristics only at 25°C. 


This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high im- 
pPedance circuit. For proper operation it is recommended that Vin and Vout be constrained to the range Vgg < (Vin or Vout) 


<Vpp.- 
Unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vsg or Vop). 
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SWITCHING CHARACTERISTICS (cy, = 50 pF, Ta = 25°C) 


be oe ee ee 


Output Rise Time 
ty = (3.0 ns/pF) Cy + 30 ns 
ty = (1.5 ns/pF) Cy +15 ns 
ty = (1.1 ns/pF) Cy + 10 ns 


| Output Fali Time 
te = (1.5 ns/pF) Cy + 25 ns 

ty = (0.75 ns/pF) Cy + 12.5 ns 
te = (0.55 ns/pF) Cy + 9.5 ns 


Propagation Detay Time 
Clock to Q 
tPLH. tepHL = (1.7 ns/pF) CL + 230 ns 
tpLH. tpHL = (0.66 ns/pF) Cy + 97 ns 
tpLH. tPHL = (0.5 ns/pF) CL + 75 ns 
Clock to Carry Out 
tpi. tpHL = (1.7 ns/pF) Cy + 230 ns 
tPLH. tpHL = (0.66 ns/pF) Cy + 97 ns 
tpLH. tpHL = (0.5 ns/pF) Cy + 75 ns 
Carry In to Carry Out 
tpLH. tpHL = (1.7 ns/pF) CL + 95ns 
tpLH. tpHL = (0.66 ns/pF) Cy + 47 ns 
tpLH, tpHt = (0.5 ns/pF) Cy + 35 ns 
Preset or Reset to Q 
tPLH. tpHL = (1.7 ns/pF) Cy + 230 ns 
tPLH, tPpHL = (0.66 ns/pF) C_ + 97 ns 
tPLH. teHL = (0.5 ns/pF) C_ + 75 ns 
Preset or Reset ot Carry Out: 
tPLH. tpHL = (1.7 ns/pF) Cy + 465 ns 
tPLH. tPHL = (0.66 ns/pF) Cy + 192 ns 
tPLH. tpHL = (0.5 ns/pF) Cy + 125 ns 


Minimum Clock Pulse Width 
















































Maximum Clock Pulse Fieunedey 
Preset or Reset Removal Time** 
Maximum Clock Rise and Fall Time 
Carry tn Setup Time 
Up/Down Setup Time 


Minimum Preset Enable Pulse Width 


*The formula given is for the typicai characteristics only. 
**The Preset or Reset Signal must be low prior to a positive-going transition of the clock. 
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Q2 


Up/Down 
Clock Q3 






Variable 
Width 






IGURE 2 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 


Programmable 


Pu 


ise 


Generator 


Carry In or 
Up/Down 


Clock 


Preset Enable 


Q1 or Carry Out 





(AA) MOTOROLA Semiconductor Products Inc. 


tsetup trem 


PRF 
ee ae ee ee 
[=| 


50% 


PWpE 


Carry Out only 


BORA 


LOGIC DIAGRAM 





TIMING DIAGRAM 


Clock 
Up/Down ceee 
fiebet PPP REE EEL aul 


tt tt} tt SC EECCEE es 
a Ae aT 


ec Bice 
nnaduaitts 
—— Patra 


Sent 
Count} O}1/2/3])/4/5;,6/7/8)]9}) 84,7] 6)/5/4/3] 271] O0] 0/9; 6/710 
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FIGURE 3 — PRESETTABLE CASCADED UP/DOWN COUNTER 


Preset 
Enabie 


O= Count 
1 = Preset =— 
out 


M.S.D. 
MC14510B 


Thumbwheel Switches 


for “0” . 
vA pen torre) Resistors = 10 kQ2 


Open = Count 


Cout 
M.S.0. 
MC145108 


+Vpp 
Clock (f; Thumbwheel Switches 
eee in? (Open for “0”) Resistors = 10k 
Seva 


‘+VoD 


“+Vop - 
Open = Count 





Circuit diagrams utilizing Motorola products are included as a means is believed to be entirely reliable. However, no responsibility is 
of itlustrating typical semiconductor applications; consequently, assumed for inaccuracies. Furthermore, such information does not 
complete information sufficient for construction purposes is not convey to the purchaser of the semiconductor devices described any 






necessarily given. The information has been carefully checked and license under the patent rights of Motorola Inc. or others. 
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BCD-TO-SEVEN SEGMENT LATCH/DECODER/DRIVER 


The MC14511B BCD-to-seven segment latch/decoder/driver is con- 
structed with complementary MOS (CMOS) enhancement mode de- 
vices and NPN bipolar output drivers in a single monolithic structure. 
The circuit provides the functions of a 4-bit storage latch, an 8421 
BCD-to-seven segment decoder, and an output drive capability. Lamp 
test (LT), blanking (BI), and latch enable (LE) inputs are used to test 
the display, to turn-off or pulse modulate the brightness of the 
display, and to store a BCD code, respectively. It can be used with 
seven-segment light emitting diodes (ED), incandescent, fluorescent, 
gas discharge, or liquid crystal readouts either directly or indirectly. 

Applications include instrument (e.g., counter, DVM, etc.) dis- 
play driver, computer/caiculator display driver, cockpit display driver, 
and various clock, watch, and timer uses. : 














Quiescent Current =5.0 nA/package typical @ 5 Vde 
Low Logic Circuit Power Dissipation 


High-Current Sourcing Outputs (Up to 25 mA) 

Latch Storage of Code 

Blanking Input 

‘Lamp Test Provision 

Readout Blanking on all IHegal Input Combinations 

Lamp Intensity Modulation Capability : 

Time Share (Multiplexing) Facility 

Supply Voltage Range = 3.0 Vdc to 18 Vde 
Capable of Driving Two Low-power TTL Loads, One Low-power 


Schottky TTL Load or Two HTL Loads Over the Rated 
Temperature Range. 








' MAXIMUM RATINGS (voltages referenced to Vs). 
Rating 





| Symbol | Value || Unit | 
Vin 
Ta 


| Vin |-0.5toVpp +05 | Vde 
S(O) 
ii aa 


aa POHmax = low (Vpp -Vow) ; 







DC Supply Voltage 
Input Voltage, Al! Inputs ; 
OC Current Drain per input-Pin 






Operating Temperature Range — AL Device -55 to +125 °C 
CL/CP Device -40 to +85 
Storage Temperature Range -65 to +150 


Maximum Continuous Output Drive Current 
(Source) per Output 

Maximum Continuous Output Power 

(Source) per Output + 





This device contains circuitry to protect the inputs against damage due to high static 
voltages or electric fields; however, it is advised that normal precautions be taken to 
avoid application of any voltage higher than maximum rated voltages to this high im- 
pedance circuit. A destructive high current mode may occure if Vip and Voyt is not 
constrained to the range Vsg <(Vin or Vout) < Vpp- 


Due to the sourcing capability of this circuit, damage can occur to the device if Vpp is 
applied, and the outputs are shorted to Vgg and are ata logical 1 (See Maximum 


Ratings). ; 
Unused inputs must always be tied to an appropriate logic voltage level (e.g., either - 
Vsg or Vpp). 
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McMOS MSI 


(LOW-POWER COMPLEMENTARY MOS) 


BCD-TO-SEVEN SEGMENT 
LATCH/DECODER/DRIVER 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


L SUFFIX 
CERAMIC PACKAGE © 
CASE 620 


ORDERING INFORMATION 
MC14XXXB Suffix Denotes 
Ceramic Package . 


& L 
P Plastic Package 


A Extended Operating, 
Temperature Range 

C Limited Operating 
Temperature Range 


Vop = Pin 16 
Vss = Pin8 


: DISPLAY 
Gl fe} 3415/6) 7614 
0 1°2 3 4 § 6 7 8 9 


TRUTH TABLE 












Fe 
“oO 
— 











__ OUTPUT: 
jie | g | iTlo cB Ala bc de € 9 | DISPLAY 
ERE EN 8 
Px ref 009 0000] Bian _| 
0 ooo00/l711T 71 0 
o © 001]/0110000 
° 0010/1 101201 
0 0014111713004 
0 o100/0110011 4 
° 010111 0170114 5 
° 0170/0017391] .6 
Qo Ot111s110000 7 
o 1000/7 737119 8 
0 1004/14 1710011 9 
o 1620/0 60000 0/ Blank 
o 407140 © 0 0 OO O| Blank. 
0 7100/0 0000 0 Of  Biank 
0 1701/0 0 0 0 OC Oj Blank 
0 417010 00000 0] Blank | 
° 1/1:1.1]0 0 0 0 0 0 0j_ Blank | 
Pa ee x xe 





X = Don’t Care . 
*Depends upon the BCD code previously applied 
when LE =0 . 


a 


MC14511B 
ELECTRICAL CHARACTERISTICS 


Characteristic 


Output Voltage j “O" Level . 
Vin = Vpp or 0 


Vin =OorVopp 


Input Voltage * "0" Level 
(Vo = 3.8 0r 0.5 Vdc) 
(Vo = 8.8 or 1.0 Vdc) 
(Vo = 13.8 0r 1.5 Vde) 


(Vo =0.5 0r3.8 Vdc) Level 
(Vo = 1.0 or 8.8 Vdc) 
(VQ = 1.5 or 13.8 Vde) 

Output Drive Voltage (AL Device) 
(loy = 0 mAdc) Source 
(Igy = 5.0 mAdc) 

(loH = 10 mAdc) 
(lou = 15 mAdc) 
(loH = 20 mAdc) 
(lIoH = 25 mAdc) 
(lon = 0 mAdc) 

(lor = 5.0 mAdc) 
(lon = 10 mAdc) 
(loy = 15 mAdc) 
(oH = 20 mAdc) 
(loH = 25 mAdc) 
(loH = OmAdc) 

(lo = 5.0 mAdc) 
(lou = 10 mAdc) 
(lon = 15 mAdc) 
(OH = 20 mAdc) 
(oH = 25 mAdc) 

Output Drive Voltage (CL/CP Device) 
(loH = 0 mAdc) _ Source: 
(IOH = 5.0 mAdc) 

(ig = 10 mAdc) 
(loy = 15 mAdc) 
(IgH =.20 mAdc) 
* (oH = 25 mAdc) 
(ion = O mAdc) 
(loH= 5.0 mAdc) 
(lou = 10 mAdc) 
(toy = 15 mAdc) 
(loH = 20 mAdc) 
(lon = 25 mAdc) 


(lou = OmAdc) 

(loy = 5.0 mAdc) 
(loy = 10 mAdc) 
(lon = 15 mAde) 
(lon = 20 mAdc) 
‘(oH = 25 mAdc) 

Output Drive Current (AL Device) 
(VoL = 0.4 Vde) Sink 
(VoL = 0.5 Vdc) 

(VoL = 1.5 Vde) 

Output Drive Current (CL/CP Device) 
(VoL = 0.4 Vdc) Sink 
(Vo_ = 0.5 Vdc) 

(VoL = 1.5 Vdc) 





(Continued) 


@®) MOTOROLA Semiconductor Products inc. 


5-270 


ELECTRICAL CHARACTERISTICS (Continued) 


Vop 
Characteristic Symbol Vde 













Unit 


| tye | Max | Min | Max | 
=a Fowoaor| 201 [= [10 mace 
(Vin = 0) 





Quiescent Current (AL Device) 
(Per Package) 






Quiescent Current (CL/CP Device) 
(Per Package) 






80 






uAdc 





Total Supply Current**t 
(Dynamic plus Quiescent, 

Per Package) 

(CL. = 50 pF on all outputs, all 
buffers switching) 


ip = (1.9 wA/kKHz) f+ Ipp 
It = (3.8 uA/KHz) f + IppD 
Ip = (5.7 wA/kHz) f+ Ipp 















| Min | | Min | Lee 
aw isgetod| | Adc _| 
| lin | - | | - | | wAdc_| 
(oi Rea aes al 
50 5.0 0.005 | 5.0 150 uAde 
10. 10 0.010 40 300 
eles) see (eee eed | 
5.0 0.005 20 150 
10 0.010 | 40 300 
[2 [2 et: els le ls 
a 





*Tlow= ~55°C for AL Device, -40°C for CL/CP Device. tTo calculate total supply current at loads other than 50 pF: 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. IT(CL) = 17 (50 pF) +3.5 x 10-3 (Cy -50) Vopf 
#Noise immunity specified for worst-case input combination. : where: I7 is in vA (per package), CL in pF, Vpp in Vde, 
Noise Margin for both ‘1°’ and ‘‘0" level = : and f in kHz is input frequency. 
1.0 Vde min @ Vpp = 5.0 Vde **The formulas given are for the typical 
2.0 Vde min @ Vpp =10 Vde characteristics only at 25°C. 


2.5 Vde min @ Vop = 15 Vdc 
SWITCHING CHARACTERISTICS* (C,_ = 50 pF, Ta = 25°C) 


Vop All Types 
Characteristic Symbol | Vde | Min | Typ | Max 
Output Rise Time tr 
7 40 80 
30 60 
25 50 
Output Fall Time ie Of 
125 250 














te = (1.5 ns/pF) Cy + 50 ns_ 
te = (0.75 ns/pF) Cy + 37.5 ns 
te = (0.55 ns/pF) C_ + 37.5 ns 


Data Propagation Delay Time 
tp_H = (0.40 ns/pF) Cr +620 ns 
tPLH = (0.25 ns/pF) C_ + 237.5 ns 
tPLH = (0.20 ns/pF) Cy, + 165 ns 






























































tPHL = (1.3 ns/pF) CL +655 ns ; 
tpHL = (0.60 ns/pF) C_ +260 ns 290 580 
tPHL = (0.35 ns/pF) CL + 182.5 ns 200 400 
Blank Propagation Delay Time tPLH 
tpLH = (0.30 ns/pF) C_ +305 ns 5.0 320 640 
tpLH = (0.25 ns/pF) Cy + 117.5 ns 10 130 260 
tPLH = (0.15 ns/pF) CL +92.5 ns | 15 is 100 200 - 
tPHL = (0.85 ns/pF) CL + 442.5 ns tPHL 5.0 485 970 
tPHL = (0.45 ns/pF) CL + 177.5 ns 10 200 400 
tpHL = (0.35 ns/pF) CL + 142.5 ns 15 160 ‘320 | 
Lamp Test Propagation Delay Time tPLH ns 
tpLH = (0.45 ns/pF) CL + 290.5 ns 625 
tpLH = (0.25 ns/pF) Cy + 112.5 ns 250 
tPLH = (0.20 ns/pF) C_ +80 ns 180 
tpHL = (1.3 ns/pF) CL +248 ns HL 313 625 
tpHL = (0.45 ns/pF) Cy + 102.5 ns 125 ~ 250 
tpHL = (0.35 ns/pF) Cy +725 ns 90 180 
Minimum Setup Time 90 180 
38 76 
MERE 
Minimum Hold Time thold -90 
-38 
-20 
Minimum Latch Enable Pulse Width PWLE 5.0 ee 260 520 me 
10 110 220 
15 





*The formula given is for the typical characteristics only. 
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FIGURE 1 — DYNAMIC POWER DISSIPATION 
SIGNAL WAVEFORMS 


Input LE low, and Inputs D, Bi and LT high. 
f in respect to a system clock. 
All outputs connected to respective C_ toads. 


50% Duty Cycle 


OE fof 
Voi 





FIGURE 2 — DYNAMIC SIGNAL WAVEFORMS 


(a) Inputs D and LE: tow, and Inputs A, 8, BI and LT high. 
20 ns 


tnput C 
LH 


Output g 


Input C 


a VOH 
_ Outputg \ : 
VoL 


(c) Data DCBA strobed into tatches. 
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LIGHT EMITTING DIODE (LED) READOUT 


Common 
Cathode LED 


INCANDESCENT READOUT 


Voo Vpp 


= Vss 


GAS DISCHARGE READOUT 


Appropriate 


Vop Voltage 


= Vss 


**A filament pre-warm resistor is recommended to reduce filament 
thermal shock and increase the effective cold resistance of the 
filament. : 
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Vod ~ 


Common 
Anode LED 


= Vss 


FLUORESCENT READOUT 


Yoo 


Direct 
(Low Brightness) 


) Filament 
Supply 


= Vss = Vss Or appropriate 


voltage below Vgs. 


LIQUID CRYSTAL (LCD) READOUT 
- Excitation 
(Square Wave, 


Voo Vss to Vop) 


= Vss 


Direct dc drive of LCD’s not recommended for life of LCD readouts. 





xy 
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LOGIC DIAGRAM 


| a ar i> 


J >-01 
) >e-d> 1 
f>-01 
J >-01 
y >e-d> 
S01 
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8-CHANNEL DATA SELECTOR 


The MC14512 is an 8-channel data selector constructed with 
MOS P-channel and N-channel enhancement mode devices in a single 
monolithic structure. This data selector finds primary application in 
signal multiplexing functions. It may also be used for data routing, 
digital signal switching, signal gating, and number sequence gener- 


ation. 


Quiescent Current = 5.0 nA/package typical @ 5 Vdc 
Noise Immunity = 45% of Vpp typical 

Diode Protection on All Inputs 

High Fanout > 50 

Single Supply Operation — Positive or Negative 

3-State Output (Logic “1”, Logic 0’, High Impedance) 
Supply Voltage Range = 3.0 Vde to 18 Vde : 


Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range 





MAXIMUM RATINGS (voltages referenced to Vgs) 


Rating ———SS*d;CSymbol | Value 
DC Supply Voltage -0.5 to +18 
Input Voltage, All Inputs ; -0.5 to Vop + 0.5 


D 

in 
DC Current Drain per Pin ee 
- Operating Temperature Range — AL Device ~55 to +125 SC 


CL/CP Device ° -40 to +85 


Storage Temperature Range -65 to +150 

























TRUTH TABLE 


pc |e | a _[inmarroisaate 
0 


ooo 


ooooriv~oo$cane 


e000 cooold 


Impedance 


= Don't Care 





5-275 








McMOS MSI | 


(LOW-POWER COMPLEMENTARY MOS) 


8-CHANNEL DATA SELECTOR 









L SUFFIX _ ° PSUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 620 CASE 648 





ORDERING !NFORMATION 


MC14XXX Suffix Denotes 


: de L Ceramic Package 
P Plastic Package 
A €xtended Operating 
_ Temperature Range 
C Limited Operating 
Temperature Range 


BLOCK DIAGRAM 


Disable 2 
Inhibit 


Vop = Pin 16 
Vss = Pin 8 








MC14512° —_ 


ELECTRICAL CHARACTERISTICS 


Output Voltage “0” Level 
Vin = Vpp or 0 


< 
2] 
7] 


Symbol 
Vo 













L 
ag 





"4" Level 


ce) 












n= 0or VDD 





Vv 


VIH. 
35 
7.0 
11.0 


input Voltage# “0” Level 
(Vo = 4.5 or 0.5 Vde) 
(Vo = 9.0 or 1.0 Vde) 


(Vo = 13.5 or 1.5 Vde) 






2.25 
4.50 
6.75 


< 
—_ 





“1” Level 






(Vo = 0.5 or 4.5 Vde) 
(Vo = 1.0 or 9.0 Vdc) 
(VO = 1.5 or 13.5 Vde) - 
Output Drive Current (AL Device) 
(VQOH = 2.5 Vde) Source 
(VOH = 9.5 Vdc) - 
(Von = 13.5 Vde) 
(VoL =0.4Vde)  , Sink 
(VoL =0.5 Vde) 
“(VoL = 1.5 Vde) © 
Output Drive Current (CL/CP Device) 
(VoH =2.5 Vdc) Source 
(VOH = 9.5 Vdc) 
(VoH = 13.5 Vde) 
(VOL = 0.4 Vdc) Sink 
(VoL = 0.5 Vde) 
(Vo_ = 1.5 Vde) 


input Current (AL Device) 
Input Current (CL/CP Device) _ 


Input Capacitance Cin 
(Vin = 0) 

Quiescent Current (AL Device) 

(Per Package) 


3.5 2.75 
70 5.50 
11.0 8.25 









TOL 











0.78 
a - 


i eli ae 
0.005 . . ; 150° uAdc 
0.010 =. 
0.015 
150 uAdc 
40 : pa 
80 


Iv = (08 uAIKHz) f+ i uAdc 
: = (1.6 wA/kHz) f + Iipp 
= (2.4 BA/kHz) f+Ipp 
+0.1 


ere ere ee 


*Tlow = 55°C for AL Device, -40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/GP Device. 
zNoise immunity specified for worst-case input combination. 
Noise Margin for both “1°’ and ‘0’ fevel = 1.0 Vde min@ Vpp = 5.0 Vde 
2.0 Vde min@ Vpp = 10 Vde 
; 2.5 Vde min @ Vpp = 15 Vde 
tTo caiculate total supply current at loads other than 50 pF: 
It(C_) = ty (SO pF) + 1 x 10-3 (C, -50) Vppf 
where: IT is in uA (per package), C_ in pF, Vpp in Vdc, and f in kHz is input frequency. 
**The formulas given are for the typical characteristics only at 25° Cc. 






oO 
2 










ie 01 
+03 







moa 
200 B 





Quiescent Current (CL/CP Device) 
(Per Package) 


nN 
o 









Total Supply Current* * t 
; (Dynamic plus Quiescent, 

Per Package) 
(C, = 50 pF on ail outputs, all 
buffers switching) 











Three-State Leakage Current 
(AL Device) 
Three-State Leakage Current 
_ (CL/CP Device) 













- 
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SWITCHING CHARACTERISTICS® (Cc, = 15 pF, Ta = 25°C) 































Typ 

Output Rise Time 

ty = (3.0 ns/pF) Cy + 25 ns 70. 175 200 

te = (1.5 ns/pF) CL + 12 ns 35 75 110 

tr = (1.1 ns/pF) C_ + 8ns 25 | 55 80 
Output Fall Time 

te = (1.5 ns/pF) Cy + 47 ns 70 175 200 

te = (0.75 ns/pF) Cy + 24ns 35 75 110 

te = (0.55 ns/pF) Cy + 17 ns 25 55 80 
Turn-Off Delay Time 

tPLH = (0.9 ns/pF) C_ + 211 ns 225. ; 500 

tpLH = (0.3 ns/pF) CL + 70 ns _ 75 175 iss 

tpLH = (0.23 ns/pF) C_ + 54 ns ' 57 130 150 
Turn-On Delay Time : 

tpHL = (2.7 ns/pF) CL + 184ns_ 225 500 750 

tpHL = (0.9 ns/pF) CL + 61ns 75. M75 _ 200 

tpHL = (0.68 ns/pF) Cy + 47 ns : : | 587 130 _ 150 
3-State Output Delay Times | teqeu, tegreH, 125 150 

"4" or “0” to High Z, and - ten, tH" 
High Z to ‘'1” or ‘’0” 





*The formula given is for the typical characteristics only. 


FIGURE 1 — POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 


Pulse 
Generator 


This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is ad- 

vised that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high im- 
~ pedance circuit. For proper operation it is recommended that Vin and Voyt be constrained to the range “ss < (Vin OF Vout) 

<Vpp. 

Unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vgs or Vpp). 
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Pulse 
Generator 


x x x 
° 


xx xX 


FIGURE 2 — AC TEST CIRCUIT AND WAVEFORMS 


Output 
(Tests 1 and 2) 


; tPLH —| 
Input Connections for t,, tf, tpLH. tPHL 
: Output 
iNHiBIT] A] xO] — Queput 
P.G. Gnd | Vop 


Gnd P.G.) Vop 
Gnd Gnd | P.G. 


Disable 
input 


: turaqn 
tegen HO 
, VOH 


Output Voi{* 2.5 V@Vop = 5V, 
tegen tye gee 10V,and15V 
. = 2VeEV zs &V 
aa Output VOH it 2 6V® Vens 10V 
a. Vy SIOVOVHDH=15V 
= “ss VoL * : 
Switch Positions for 3-State Test 


terqreny Open 
tegen Closed 
tra" Closed 
tig Open 
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LOGIC DIAGRAM. 


a. Ss 
LY 
¢: 


he 


y VY 


x 
= 


7 


Ly 


By 
XX 0 
=m 


x 
N 


a 


LP 
A 


ALN & 


x 
i) 


\/ 


es 
Vv 
feaely 


Y 


[ 


x 
a 


Y 


Ly 


x 
oO 


“ms 


VY 


x 
~ 


3-STATE MODE OF OPERATION : 
Output terminals of several MC14512 8-Bit Data Selector 


can be connected to a single data bus as shown. One MC14512 - 


is selected by the 3-state control, and the remaining devices are 
disabled into a high impedance “off” state. The number of 8-bit 

>_Mata selectors, N, that may be connected to a bus line is determined 
from the output drive current, iop, 3-state or disable output leak- 
age current, I7_, and the load current, I, required to drive the 
bus line (including fanout to other device inputs), and can be calcu- 
lated by: 


{ -1 
y= 'OO-'t ,, 
TL 


’. N must be calculated for both high and low logic states of the bus 
tine. 
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_4-BIT LATCH/4-TO-16 LINE DECODER 


The MC14514B and MC14515B are two output options of a 4 to 
16 line decoder with latched inputs. The MC14514B (output active 
high option) -presents a logical “'1'’ at the selected output, whereas 
the MC14515B (output active low option) presents a logical “0” at 
the selected output. The latcHts are R-S type flip-flops which hold 
the last input data presented prior to the strobe transition from 1” 
to 0". These high and tow options of a 4-bit latch/4 to 16 line de- 
coder are constructed with N-channel and P-channel enhancement 
mode devices in a single monolithic structure. The latches are R-S 

_ type flip-flops and data is admitted upon a signal. incident at the 
strobe input, decoded, and presented at the output. 

These complementary circuits find primary use in decoding appli- 
cations where low power dissipation and/or high noise immunity is 
desired. 


®@ Quiescent Current = 5.0 nA package typical @ 5 Vdc 
@ Noise Immunity = 45% of Vpp typical 

@ Supply Voltage Range = 3.0 Vdc to 18 Vde 

@ 


Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range : 


Single Supply Operation — Positive or Negative 
Input Impedance = 1012 ohms typical 





MAXIMUM RATINGS (Voltages referenced to Vss) 


[Symbol Value [Unit | 


ee ee 
















: Rating 
OC Supply Voltage 
Input Voltage, All Inputs 











DOC Current Drain per Pin 






-55 to +125 
-40 to +85 


-65 to +150 


Operating Temperature Range — AL Device 
CL/CP Device 


Storage Temperature Range 





BLOCK DIAGRAM INHIBIT 


Vpp = Pin 24 
Vgg = Pin 12 


voo0o0GadAaAo oO Oo 
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~ MC14514B 
MC14515B_ 


- McMOS MSI 


(LOW-POWER COMPLEMENTARY MOS) 


4-BIT LATCH/4-TO-16 ~ 
LINE DECODER 





L SUFFIX 
CERAMIC PACKAGE 
CASE 716 


WY 
P SUFFIX 
PLASTIC PACKAGE 
CASE 709 . 


ORDERING INFORMATION 
MC14XXXB 


Suffix Denotes 
(a L Ceramic Package 
P Plastic Package 
A Extended Operating 
Temperature Range 
=C Limited Operating 
‘Temperature Range 





DECODE TRUTH TABLE (Strobe = 1) 


DATA INPUTS SELECTED OUTPUT 


MC 14514 = Logic "1" 
MC14515 = Logic “0” 


All Outputs =0,MC14514 
All Outputs =1,MC14515 


i?) 
i) 
ie) 
i) 
Oo 
i) 
i¢) 
0: 


X = Don’t Care . 





, 


MC14514B @MC14515B ; , 


ELECTRICAL CHARACTERISTICS 


Vpp pTtow* | 58 Thigh® 
vac [win [Max [Min [Tve [Mex | Min | Mow 
Output Voltage “O" Level 0.05 0.05 0.05 Vdc 

0.05 0.05 0.05 
0.05 0.05 0.05 


Vin = Vpop or 0 
4.95 4.95 ee Vde 
2.25 
4.50 
6.75 




















“1” Level 






n=00rVpp 9.95 9.95 


14.95 14.95 


























Input Voltage# “O" Level Vde 
(Vo = 4.5 or 0.5 Vdc) 
(VQ = 9.0 or 1.0 Vde) 
(Vo = 13.5 or 1.5 Vdc) 
“1” Level 
(Vo = 0.5 or 4.5 Vdc) 2.75 Vde 






(Vo = 1.0 or 9.0 Vdc) 
(Vo = 1.5 or 13.5 Vde) 
Output Drive Current {AL Device) 
(Von = 2.5 Vde} Source 
(VoH = 4.6 Vde) 

(VoH = 9.5 Vdc) 

(VoH = 13.5 Vde) 

(VoL = 0.4 Vdc) Sink 
(VoL = 0.5 Vde) 
(Voy = 1.5 Vde) 


5.50 
8.25 














mAdc 









Output Drive Current (CL/CP Device} 
(VoH = 2.5 Vde) Source 5.0 
(Vou = 4.6 Vdc) 5.0 
(Von = 9.5 Vde) 10 
1 (VoH = 13.5 Vde) 15 
(Voy = 0.4 Vde) Sink lot 






(VoL = 0.5 Vde) 
(Vox = 1.5 Vde) 


Input Current (AL Device) lw 
Input Current (CL/CP Device) | hin? | 


input Capacitance Cin 
(Vin = 0) 









a 2 a 
o a is) 






0 


I; = =(1.35 ARI f+ ae 


Iq =(2.70 wA/KHz) f + Ipp 
ly =(4.05 A/kHz) f+ Ipp 







Quiescent Current (AL Device} 0.005 
(Per Package) 0.010 
0.015 





Quiescent Current (CL/CP Device) 
(Per Package) 


uhAdc 










Total Supply Current* *t 
(Dynamic plus Quiescent, 
Per Package) 
(Ci = 50 pF on all outputs, all 
buffers switching) 


uAdc 












*Tiow = -55°C for AL Device, -40°C for CL/CP Device. tTo calculate total supply current at loads other than 50 pF: 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. ; IT(C_) = 1750 pF) +2 x 10-3 (C, -50) Vopft 
#Noise immunity specified for worst-case input combination. where: I7 is in #A (per package), CL in pF, Vp in Vde, 
Noise Margin for both ‘1’ and “0” tevel = and f in kHz is input frequency. 
1.0 Vde min@ Vpp = 5.0 Vde **The formulas given are for the typical characteristics only at 25°C. 


2.0 Vde min @ Vpp = 10 Vde 
2.5 Vde min @ Vpp = 15 Vde 


This device contains circuitry to protect the inputs against damage due to high static 
voitages or electric fields; however, it is advised that normal precautions be taken to. 
avoid application of any voltage higher than maximum rated voltages to this high 
impedance circuit. For proper operation it is recommended that Vin and Vout be’ 
constrained to the range Vgg < (Vin or Vout) < Vop. - 


Unused inputs must always be tied to an appropriate logic voltage level (e.g., either 
Vss or Vpp). 
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SWITCHING CHARACTERISTICS* (cy, = 50 pF, Ta = 25°C) 


Output Rise Time 
tr = (3.0 ns/pF) CL + 30 ns 
ty = (1.5 ns/pF) Cy + 15 ns 
tp = (1.1 ns/pF) Cy +10 ns 


Output Fall Time 
tp = (1.6 ns/pF) Cy + 25 ns 
t¢ = (0.75 ne/pF) Cy + 12.5 ns 
te = (0.55 ns/pF) CL + 9.5 ns 
Propagation Delay Time 


tPLH. teHL = (1.7 ns/pF) Cy + 465 ns 
tPLH. teHE = (0.66 ns/pF) Cy + 192 ns 


tPLH. tPHL = (0.5 ns/pF) Cy + 125 ns 


Inhibit Propagation Delay Times 
tPLH. tPHL = (1.7 ns/pF) Cy + 315 ns 
teLH. tpHL = (0.66 ns/pF) Cy + 117 ns 
tPLH- tPHL 7 (0.6 ns/pF) C,_ +75 ns 


Strobe Pulse Width 





“The formula given is for the typical characteristics only. 


FIGURE 1 ~ DRAIN CHARACTERISTICS TEST CIRCUIT 


For MC145158 
1, For P-channel: Inhibit = Vop 
2. For N-channel: Inhibit = Vgg 
and 01—0D4 constitute binary 
code for “output under test.’” 


For MC145148 
1. For P-channel: inhibit = Vgg 
and O1—D4 constitute | 
binary code for “output 
under test.” 
2. For N-channel: Inhibit = Vop 


°C) 


External 
Power Supply 


HFSoo0oQqgdodgqgnqn0qg0g0gdo oO 
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FIGURE 2 ~ DYNAMIC POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 


0.01 uF 


BE 4 oar 


Puise 
Generator 01 


02 
D3 
D4 
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FIGURE 3 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 
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LOGIC DIAGRAM 
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016 S14 
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COMPLEX DATA ROUTING 


\ Two MC14512 eight-channel data selectors are used here with 
the MC14514B8 four-bit latch/decoder to effect a complex data 
routing system. A total of 16 inputs from data registers are selec- 
ted and transferred via a 3-state data bus to a data distributor for 
rearrangement and entry into 16 output registers. {n this way 
sequential data can be re-routed or intermixed according to patterns 
determined by data select and distribution inputs. 

Data is placed into the routing scheme via the eight inputs on 
both MC14512 data selectors. One register is assigned to éach 
input. The signals on AO, A1, and A2 choose one of eight inputs 
for transfer out to the 3-state data bus. A fourth signal, tabelled 
Dis, disables one of the MC14512 selectors, assuring transfer of 
data from only one register. 


in addition to a choice of input registers, 1 thru 16, the rate of , 


transfer of the sequential information can also be varied. That is, 


if the MC14512 were addressed at.a rate that is eight times faster. 


than the shift frequency of the input registers, the most significant 
bit (MSB) from each register could be selected for transfer to the 
data bus. Therefore, all of the most significant bits from all of the 
registers can be transferred to the data bus before the next most 
significant bit is presented for transfer by the input registers. 

information from the 3-state bus is redistributed by the 
MC14514B four-bit latch/decoder. Using the four-bit address, D1 
thru D4, the information on the inhibit line can be transferred to 
the addressed output line to the desired output registers, A thru P. 
This distribution of data bits to the output registers can be made 
in many complex patterns. For example, all of the most significant 
bits from the input registers can be routed into output register A, 
all of the next most significant bits into register B, etc. In this 
way horizontal, vertical, or other methods of data slicing can be 
implemented. 


DATA ROUTING SYSTEM 


Input , Data 
Registers Transfer 


Register 1 


MC 14512 


Register 8 


Register 9 


MC14512 


Register 16 


3-State Data | Output 
Data Bus 


Registers 


—_-_-—_— 


Distribution 


D1 02 03 D4 


Strobe 


MC14514B 


Circuit diagrams utilizing Motorola products are included as a means is believed to be entirely reliable. However, no responsibility is 
of iWustrating typical semiconductor applications; consequently, assumed for inaccuracies. Furthermore, such information does not 
complete information sufficient for construction purposes is not convey: to the purchaser of the semiconductor devices described any 
necessarily given. The information has been carefully checked and license under the patent rights of Motorola Inc. or others. 
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BINARY UP/DOWN COUNTER 


The MC 14516B is constructed with MOS P-channel and N-channel 
enhancement mode devices in a single monolithic structure: This 
complementary MOS circuit finds primary use where low power dis- 
sipation and/or high noise immunity is desired. 

This binary presettable up/down counter may be used as a 
counting/frequency ‘synthesizer, in A/D and D/A conversion, for 
up/down counting, for magnitude and sign generation, and for dif- 
ference counting. : 


Quiescent Current = 5.0nA/package typical @ 5.0 Vdc 
Noise immunity = 45% of Vpp typical 

‘Diode Protection on All Inputs 

Supply Voltage Range = 3.0 Vde to 18 Vdc 

Low Input Capacitance — 5.0 pF typical 

Internally Synchronous for High.Speed 


Logic Edge-Clocked Design — Count Occurs on Positive Going 
Edge of Clock 


5.0-MHz Counting Rate 
Single Pin Reset 
Asynchronous Preset Enable Operation 


Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range 





MAXIMUM RATINGS (Voltages referenced to Vsg) 


Vdc 
-0.5 to Vpp + 0.5 Vde 


DC Current Drain per Pin 10 


Operating Temperature Range — AL. Device -55 to +125 
CL/CP Device ~40 to +85 


Storage Temperature Range 


- TRUTH TABLE 


PRESET 5 
CARRY IN| UP/DOWN | ENABLE | RESET} ACTION 


0 | 0 | NoGoune | 
[of 0 | count up_| 
[0] 0 [Count Bown] 
ora 


X = Don’t Care 


MC14516B 


McMOS MSI 


(LOW-POWER COMPLEMENTARY MOS) 


BINARY UP/DOWN COUNTER 


L SUFFIX P SUFFIX 


CERAMIC PACKAGE PLASTIC PACKAGE 


CASE 620 CASE 648 


ORDERING INFORMATION 


MC14XXXB Suffix Denotes 


Ie L Ceramic Package 
P Plastic Package 
A Extended Operating 
Temperature Range 


C Limited Operating 
Temperature Range 





BLOCK DIAGRAM 


O] Carry In 
R a2 
Up/Down 
Q3 
P1 
P2 


Vpp = Pin 16 
Vss =Pin8 





This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric. fields; however, it is 
advised that normal precautions be taken 
to avoid: application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vip and Voyt be 
constrained to the range Vsg < (Vin or 
Vout) < Vpp- 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vgg or Vpp). 





- MC14516B . | 


ELECTRICAL CHARACTERISTICS 


Output Voltage 
Vin = Vpp or 0 


“1 Level 
Vin = 90r Vpop 


Input Voltage# "0" Level 
(Vo = 4.5 or 0.5 Vde) 
(Vo = 9.0 or 1.0 Vde} 
(Vo = 13.5 or 1.5 Vde} 





: ; “4 Level 
(Vo = 0.5 or 4.5 Vde) 
(Vo = 1.0 or 9.0 Vde) 
(Vo = 1.5 or 13.5 Vde) 

Output Drive Current (AL Device) 

(VOH = 2.5 Vde) Source 
(VoH = 4.6 Vdc) 
(VoH = 9.5 Vde) 
(VOH = 13.5 Vde) 
(VoL = 0.4 Vde) Sink 
(Vox = 0.5 Vdc) 
(VoL = 1.5 Vde) 
Output Drive Current (CL/CP Device) 
(VQH = 2.5 Vdc) Source 
(VoH = 4.6 Vdc) 
(VoH = 9.5 Vde) 
(VoH = 13.5 Vde) 3 E 
(VoL = 0.4 Vdc} Sink : : 0.88 
(VoL = 0.5 Vde) ; ; 2.25 
(VoL = 1.5 Vdc) x 8.8 


Input Current (AL Device) +0. +£0.00001 | +0.1 
Input Current (CL/CP Device) +0 +0.00001] +03 


Input Capacitance 
(Vin = 0) 


Quiescent Current (AL Device) : A 0.005 
(Per Package) 0.010 
0.015 


Quiescent Current (CL/CP Device) ; 0.005 

(Per Package) 0.010 
0.015 
_ | Total Supply Current**t Ip = (0.58 HA/KHz) f+ Ipp 

(Dynamic plus Quiescent, Iy = (1.2 HA/KHzZ) f + Ipp 
Per Package) Ip = (1.7 HA/KHz) f + Ipp 
(CL = 50 pF on all outputs, all ; : 
buffers switching) 


*Tiow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
#Noise immunity specified for worst-case input combination. 
Noise Margin for both “1” and “0” tevel = 1.0 Vde min@ Vpp = 5.0 Vde 
2.0 Vde min@ Vopp = 10 Vde 
; 2.5 Vde min @ Vpp = 15 Vde 
tTo calculate total supply current at loads other than 50 pF: 
_ Ip(C_) = 1750 pF) + 1x 10-3 (Cy, -50) Vopft 
where: !7 is in uA (per package), CL in pF; Vpp in Vdc, and f in kHz is input frequency. 
**The formulas given are for the typical characteristics only at 25°C. 


~ 
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SWITCHING CHARACTERISTICS* (Cc, = 50 pF, Ta = 25°C) 

























ee 
Output Rise Time t 
ty = (3.0 ns/pF) Cy + 30 ns 180 
ty = (1.5 ns/pF) Cy + 15 ns 90 ; 
ty = (1.1 ns/pF) CL + 10 ns. 65 : 
Output Fall Time 
te = (1.5 ns/pF) Cy + 25 ns 100 200 
ty = (0.75 ns/pF) CL + 12.5 ns 50 100 
te = (0.55 ns/pF) C_ +9.5 ns | 40 80 
Propagation Delay Time : tPLH. 
Clock to Q tPHL 
tpLH. tei = (1.7 ns/pF) Cy + 230 ns ‘630 
tPLH. tPHL = (0.66 ns/pF) Cy +97 ns 260 
tPLH. teHL = (0.5 ns/pF) Cy + 75 ns 200 
Clock to Carry Out tPLH. ns 
teLH. tpHL = (1.7 ns/pF) Cy, + 230 ns tPHL 630 
tPLH. tPHL = (0.66 ns/pF} Cy + 97 ns 260 
tPLH. tpHL = (0.5 ns/pF) CL + 75 ns 200 ‘ 
Carry In to Carry Out , tPLH, 
tPLH. tPHL = (1.7 ns/pF) Cy + 95 ns tPpHL 180 360 
tPLH. tpHL = (0.66 ns/pF) CL + 74 ns 80 160 
tPLH. tPHL = 0.5 ns/pF) C_ +35 ns 60 120 
Preset or Reset to Q tPLH. ; 
tPLH. teHL = (1.7 ns/pF) CL + 230ns tPHL ‘630 
tpLH. tPpHL = (0.66 ns/pF) CL + 97 ns 360 
tPLH. tPpHL = (0.5 ns/pF) CL + 75-ns . 300 
Preset or Reset to Carry Out 2 tPLH. 
tpLH. tepHL = (1.7 ns/pF) Cy +465 ns tPHL 550 , 1100 
tpLH. tpHL = (0.66 ns/pF) Cy + 192 ns 225 450 
tPLH. tpHe = (0.5 ns/pF) Cy + 125 ns 150 300. 
Minimum Clock Pulse Width : PWo 200 400 
. * 400 200 
75 150 
Maximum Clock Pulse Frequency _ 3.0 
; 6.0 
\ 8.0 
Preset or Reset Removal Time ** 650 
; 230° 
: 180 
Carry In Setup Time in eee 130 260 
; 60 120 
50 100 
‘Up/Down Setup Time on 250 500 
100 200 
. . 76 150 
Minimum. Preset Enable Pulse Width 100 - 200 
50 100 — 
40 80 












































*The formula given is for the typical characteristics only. 
**The Preset or Reset signal must be low prior to a positive-going transition of the clock. 
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FIGURE 1 — POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 
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TIMING DIAGRAM 
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‘LOGIC DIAGRAM 
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TOGGLE FLIP-FLOP FLIP-FLOP FUNCTIONAL TRUTH TABLE 


a a 
a 
ee ere eee | 
ae OT 


X = Don’t Care 





FIGURE 2 — SWITCHING TIME WAVEFORMS 
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Preset 
Enable 
O= Count 


1 = Preset 


Clock (in) ineechael esos 


Open = Count 


Circuit diagrams utilizing-Motoroia products are included as a means 
of illustrating typical semiconductor applications; consequently, 
complete information sufficient for construction purposes is not 
necessarily given. The information has been carefully checked and 








. 


M.S.D. 
MC14516B 


M.S.D. 
MC14516B 


P2 iP 


; +VopD 
Resistors = 10k2 


fin 
four = a 


is believed to be entirely reliable. However, no responsibility is‘ 
assumed for inaccuracies. Furthermore, such information does not 
convey to the purchaser of the semiconductor devices described any 
license under the patent rights of Motorola Inc. or others. 
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DUAL 64-BIT STATIC SHIFT REGISTER 


The MC14517B dual 64-bit static shift register consists of two 
identical, independent, 64-bit. registers. Each register has separate 
clock and write enable inputs, as well as outputs at bits 16, 32, 48, 
and 64, Data at the data input is entered by clocking, regardless 
of the state of the write enable input. An output is disabled (open 
circuited) when the write enable input is high. During this time, 
data appearing at the data input as well as the 16-bit, 32-bit, and 
48-bit taps may be entered into the device by application of a clock 
pulse. This feature permits the register to be loaded with 64 bits in 
16 clock periods, and also permits bus logic to be used. This device 
is useful in time delay circuits, temporary memory storage circuits, 
and other serial shift register applications, 

Quiescent Current = 10 nA/package typical @ 5 Vdc 

Noise Immunity = 45% of Vop typical 

Diode Protection on All Inputs 

Fully Static Operation 

Output Transitions Occur on the Rising Edge of the Clock Pulse 

6.7 MHz Operation @ Vpp = 10 Vdc 

Exceedingly Slow Input Transition Rates May Be Applied to the 

Clock Input , 

@ 3-State Output at 64th-Bit Allows Use in Bus Logic Applications 
Shift Registers of any Length may be Fully Loaded with 16 
Clock Pulses , 

Supply Voltage Range = 3.0 Vdc to 18 Vde 

Capable of Driving Two Low-power TTL Loads, One Low-power 

Schottky TTL Load or Two HTL Loads Over the Rated Temper- 

ature Range 


DUAL 64-BIT STATIC 
SHIFT REGISTER 


L SUFFIX | P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 


CASE 690 CASE 648 


ORDERING INFORMATION 


MC14XXX8 Suffix Oenotes 


L L Ceramic Package 
P Plastic Package 
A Extended Operating 
Temperature Range | 


C Limited Operating 
Temperature Range 





PIN ASSIGNMENT 










MAXIMUM RATINGS (Voltages referenced to Vss) 

? __ Rating [Symbol] Value | Unit | 

DC Supply Voltage Vop | -0.5t0+18 [Vd | 

Input Voltage, All Inputs | Vin | -0.5toVpp+0.5| Vdc | 
|_mAdc | 












DC Current Drain per Pin _ Ee. lk of 


Operating Temperature Range — AL Device Ta "  +§5 to+125—- 


CL/CP Device -40 to +85 


Vde 
Vde 
°c 
WRITE : 
CLOCK [ENABLE DATA 16-BIT TAP 32-BIT TAP 48-BiT TAP 64-BIT TAP 
Ts 4) Content of -16-Bit | Content of 32-Bit | Content of 48-Bit | Content of 64-Bit 
. Displayed Displayed Displayed Displayed _ 
eal 


Storage Temperature Range 





FUNCTIONAL 
TRUTH TABLE 


Jt fx High impedance | High Impedance | High tmpedence | High Impedance 
Displayed Displayed _ Displayed Displayed 

Pt tt Xf High impedance. | High Impedance | _High impedance | High Impedance 

into 1st Bit ‘Displayed ; Displayed . Displayed - Displayed 

ee ae] 


. High Impedance High impedance High Impedance High impedance 


Content of 16-Bit | Content of 32-Bit | Content of 48-Bit | Content of 64-Bit 
Displayed Displayed Displayed Displayed 


X= Don’t Care 


rAhA 


ELECTRICAL CHARACTERISTICS 


Output Voltage “O” Level 
n= Vpp ord 


“4 Level 
n= 9OorVpD 


Input Voitage# “O” Level 
(Vo = 4.5 or 0.5 Vde) 
(Vo = 9.0 or 1.0 Vdc) 
(Vo = 13.5 or 1.5 Vde} 


(Vo = 05 or 4.5 Vdc) 
(VQ = 1.0 or 9.0 Vdc): 
- (Vo = 1.5 or 13.5 Vde) 


Output Drive Current (AL Device) 
(VOH = 2.5 Vde) Source 
(VOH = 4.6 Vdc} 

(VOH = 9.5 Vde) 
(Von = 13.5 Vde) 


(Voy = 0.4 Vde) Sink 


(VoL =.0.5 Vde) 
(VoL = 1.5 Vde} 

Output Drive Current (CL/CP Device) 
(Voy = 2.5 Vde) Source 
(VOH = 4.6 Vde) 

(VOH = 9.5 Vdc) 
(Von = 13.5 Vde) 


(VoL = 0.4 Vac) 
(VoL = 0.5 Vdc) 
(VoL = 1.5 Vdc) 


; Input Current (AL Device) 
Input Current (CL/CP Device) 


Input Capacitance 
(Vin =.0) 

Quiescent Current (AL Device) 
(Per Package) 


Quiescent Current (CL/CP Device) 
(Per Package) 


Total Supply Current**t 
(Dynamic plus Quiescent, 
Per Package) 
(CL =.50 pF on all outputs, all 
buffers switching) 
\Three-State Leakage Current 
(AL Device) . 
Three-State Leakage Current 
(CL/CP Device) 


0.010 
0.020 
0.030 
0.010 
0.020 
0.030 


ty (4.2) wA/kHz) f+ Ipp 
ty =(8.8 KA/KHz) f+ Ipp 
ly =(13.7 wA/KHz) f + Ipp 


*Tlow = ~55°C for AL Device, -40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
=Noise immunity specified for worst-case input combination. 
Noise Margin for both “1° and “O"' level = 1.0 Vdemin@Vpp = 5.0 Vdc 


2.0 Vde min@ Vpp = 10 Vde 
2.5 Vde min @Vpp = 15 Vde 


tTo calculate total supply current * loads other than 50 pF: 
Ip (CL) = 17{50 pF) +4 x 10-3 (CL -50) Vppf 
where: I7is in uA (per package), CL in pF, Vpp in Vdc, and f in kHz is input frequency. 
**The formulas given are for the typical characteristics only at 25°C. 
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SWITCHING CHARACTERISTICS* (Cc, = 50 pF, Ta = 25°C) 


; : AL | CL/cP 
Symbol | Vpp Device | Device 






AL 
Device 


Typ CL/CP 
Characteristic All Types Device 


$3 









Output Rise Time 
ty = (3.0 ns/pF) CL + 30 ns 

ty = (1.5 ns/pF) Cy + 15 ns 

te = (1.1 ns/pF) Cy + 10 ns 

Output Fall Time 
te = (1.5 ns/pF) Cy + 25 ns 

te = (0.75 ns/pF) CL + 12.5 ns 

te = (0.55 ns/pF) CL + 9.5 ns 


-| Propagation Delay Time 
tPLH. tPpHL = (1.7 ns/pF) Cy + 390 ns 

tPLH. tPpHL = (0.66 ns/pF) Cy + 177 ns 
tPLH. tpHe = (0.5 ns/pF) CL +115 ns 













400 
200 


o> 
ca ae 











200 








~ 
I 
o 


300 


nN 

== 

o 
N 
= 
a 


475 
140 





ons 
so8 


Minimum Clock Pulse Width PWo 170 330 
125 
100 
Maximum Clock Pulse Frequency PRE 5.0 2.0 1.5 MHz 





| 475 | 
75 
55 
590 
245 
175 
250 
100 
75 


ON 


Maximum Clock Pulse Rise and Fail Time 
Limit 








Data to Clock Setup Time 


DDWIin ws 
wnoon 
2 
°o 





1 
ao05] : 


160 
75 


35 
170 300 400 _. 
65 130 200 


Data to Clock Hold Time 






Write Enable to Clock Setup Time 


Write Enable to Clock Release Time 


-NW 
oad 


“The formula given is for the typical characteristics only. 
**When shift register sections are cascaded, the maximum rise and fall time of the clock input should be equal to or less than the rise and fall 
time of the data outputs, driving data inputs, plus the propagation delay of the output driving stage for the output capacitance load. 


FIGURE 1 — POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 


REPETITIVE WAVEFORM 


(f= 1/2 fg) 
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FIGURE 2 — TYPICAL OUTPUT SOURCE CURRENT FIGURE 3 — TYPICAL OUTPUT SINK CURRENT 
CHARACTERISTICS TEST CIRCUIT CHARACTERISTICS TEST CIRCUIT ; 
Vout = VOH : Vout = VoL 
Vpo= Vaso O Vop = Vaso Oo 








© © O O 
© O O {) 
O O 
{) O © O 
O 
© © Eda | O O 
ea 
(or) (04) 
aS 
O O ‘ O External 0 O 0 O External 
Power Power 
Suppl 
OVss Supply OVss pply 
(Output being tested should be in the high-logic state). (Output being tested should be in the low-logic state). 


FIGURE 4 — AC TEST WAVEFORMS 


V.io00 
90% 
Pin No’s 2 16 18 19 °F 33 50% 
10% ) 
Clock 4 (12) ----- woes ss 
3 - trel 





















tsetup 
Write 3 (13) 4 Voo 
. ; 
thold1 thoidO ; --- 7 --_____Vsg 
20 ns 
tsetup1 oar 23s Viop 
. : % - 
Data in 7 (9) 90% '\. 50% f 
thold1 10%%_ Lf 
t TRHL . : 
t setupO tPLH 
— Voo =m VOH ~ VoD 
16-bit output, (15) tholdO 4 ‘ \ r 90% + : 
17-bit input thold1 10% V6 Vss 
20 ns PHL tr t¢ 
tsetup1 | pwtsetupd RPLH™ ae V “4 Vo 
Yoo 90% on 
. 32-bit output 6 (10) y thoidO \ \ yj A. 50% 
33-bit input thold1. 10% Vow Vss 
t - 20 ns tp Ae tf : 
HL 
setup 1 setupO Yop i Vou = Vop 
48-bit output 2 (14) thoidd Y A \ j : \ 
49-bit input : ° 
it inp t VoL Vss 







Voo 
64-bit output §(11) 


Write 
Enable 








Write Enable = 0, 16-bit output 64 32-bit output 6 48-bit output 64-bit output 
Write Enable = 1, 17-bit input 33-bit input 49-bit input High |mpedance 


This device contains circuitry to protect the inputs against damage due to high static 
voltages or electric fields; however, it is advised that normal precautions be taken to 
avoid application of any voltage higher than maximum rated voltages to this high 
impedance circuit. For proper operation it is recommended that Vin and Voyt be 


constrained to the range Vsg < (Vin OF Vout) < Vpp.- 


Unused inputs must always be tied to an appropriate logic voltage fevel (e.g., either 
Vss or Vpp). : 
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MOTOROLA | MC14518B 


BOX 20912 4 PHOENIX, ARIZONA 85036 


Semiconductors ~ -WC014520B 





McMOS MSI __ 
(LOW-POWER COMPLEMENTARY Mos) 


DUAL BCD UP COUNTER 
(MC 14518B) 


DUAL UP COUNTERS 


The MC14518B dual BCD counter and the MC14520B dual bi- 
nary counter are constructed with MOS P-channel and N-channel 
enhancement mode devices in a single monolithic structure. Each 
consists of two identical, independent, internally synchronous 4- 
stage counters, The counter stages are type D flip-flops, with inter- 
changeable Clock and Enable lines for incrementing on either the 
positive-going or negative-going transition as required when cascad- 
ing multiple stages. Each counter can be cleared by applying a high 
level on the Reset line, In addition, the MC14518B will count out of 
all undefined states within two clock periods. These complementary 
MOS up counters find primary use in multi-stage synchronous or 
ripple counting applications requiring low power dissipation and/or 
high noise immunity. Additional characteristics can be found on the 
Family Data Sheet: , 
@ Quiescent Current = 5.0 nA/package typical @ 5 Vdc 

Noise Immunity = 45% of Vpp typical 

Diode Protection on All Inputs 

Supply Voltage Range = 3.0 Vdc to 18 Vde 

Low Input Capacitance = 5.0 pF typical 

Internally Synchronous for High Internal and External Speeds 

Logic Edge-Ciocked Design — !ncremented on Positive Transition 

of Clock or Negative Transition on Enabie 

. 6.0 MHz Counting Rate 

Capable of Driving Two Low-power. TTL Loads, One Low-power 

Schottky TTL Load or Two HTL Loads Over the Rated Temper- 

ature Range 





DUAL BINARY UP COUNTER 
(MC 14520B) 


4 
L SUFFIX P SUFFIX 
CERAMIC PACKAGE — PLASTIC PACKAGE 
CASE 620 CASE 648 


ORDERING INFORMATION 


MC14XXXB Suffix Denotes 


a L Ceramic Package 
Plastic Package 


A Extended Operating 
Temperature Range 
Limited Operating 
Temperature Range 


BLOCK DIAGRAM 


Operating Temperature Range ~ AL Device _ 7-55 to +125 
CL/CP Device ; ~40 to +85 
-65 to +150 % 
Enable 


150 
Vpp = Pin 16 
Vss = Pin 8 


TRUTH TABLE 


CLOCK | ENABLE } RESET ACTION 





This device contains circuitry to protect the 
inputs against damage due to high static voit- 
ages or electric fields: however, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to this high impedance 
circuit. For proper operation it is recommended — 
that Vin and Voyz be constrained to the range 
Vsg < (Vin Or Vout) < Vop. - 
_Unused inputs must always be tied to an 
appropriate logic voitage level (e.g., either Vss 
or Vpp). 












P| 1 | 0 [increment counter 
po [To [increment Counter 
en 
oe 
P= [0 [ne chnae | 
ee ee 
ee 


X = Don’t Care : 





MC14518B @ MC14520B . . : 


ELECTRICAL CHARACTERISTICS 


“me 


Output Voltage 
Vin = Vop or 0 


n= 00rVop 


Input Voltage* “0” Level 
(Vo = 4.5 or 0.5 Vdc) 
(Vo = 9.0 or 1.0 Vdc) 
(Vo = 13.5 or 1.5 Vde) 
“+ Level 
(Vo = 0.5 or 4.5 Vde) 
(Vo = 1.0 or 9.0 Vdc) 
(Vo = 1.5 or 13.5 Vde) 

Output Drive Current (AL Device) 
(VOH = 2.5 Vde) Source 
(VoH = 4.6 Vdc) 

(Von = 9.5 Vde) 

(VoH = 13.5 Vde) 

(VoL = 0.4 Vde) Sink 
(Voz = 0.5 Vde) 
(VoL = 1.5 Vde) 

Output Drive Current (CL/CP Device): 
(VOH = 2.5 Vde) Source ~ 
(Vou = 4.6 Vdc) 

(VoH = 9.5 Vde) 
1 (Voy = 13.5 Vde) 
(VoL = 0.4 Vde) Sink - 
(VoL = 0.5 Vdc) 
| in| 
10] 


0.88 
2 a 


+0. 0 +0:1 


+0. pee! £0.3 


(VoL = 1.5 Vde) 


Input Current (AL Device) 
Jinput Current (CL/CP Device) 


input Capacitance 
(Vin = 0) 

Quiescent Current (AL Device) 
(Per Package) : 


Quiescent Current (CL/CP Device) 
(Per Package) 





Total Supply Current**t 
(Dynamic plus Quiescent, 
Per Package): 
(CL = 50 pF on all outputs, all 
buffers switching) 


= (0.6 wA/kHz) f + a 
= (1.2 wA/kH2) f + Ipp 
2 = (1.7 wA/kHz) f+ IpD 





*Tlow = -55°C for AL Device, -40°C for CL/CP Device. 

Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
=Noise immunity specified for worst-case input combination. 

Noise ear for both “1” and ‘0” level = 1.0 Vde min@ Vpp = 5.0 Vde 
: 2.0 Vde min@ Vpp = 10 Vdc 
2.5. Vdemin@Vpp = 15 Vde 

tTo calculate total supply current at loads other than 50.pF: 

IT(CL} = 17 (50 pF) +2 x 10-3 (Cy. -50) Vopf 
where: I is in uA (per package), CL in pF, Vp in Vdc, and f in kHz is input frequency. 

“*The formulas given are for the typical characteristics only at 25°C. 
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MC14518B © MC14520B 


SWITCHING CHARACTERISTICS*® (c,_ = 50-pF, Ta = 25°C) 


Output Rise Time 
ty = (3.0 ns/pF) CL + 30 ns 
ty = (1.5 ns/pF) Cy + 15 ns 
ty = (1.1 ns/pF) Cy + 10 ns 
Output Fall Time 
te= (1.5 ns/pF) CL +25 ns | 
t¢ = (0.75 ns/pF) Cy + 12.5 ns 
t¢= (0.55 ns/pF) Cy + 9.5 ns 
Propagation Delay Time \ 
' Clock to Q 
teLH. teHL = (1.7 ns/pF) CL + 215 ns 
tPLH. tPHL = (0.66 ns/pF) C, +97 ns 
tPLH. tpHL = (0.5 ns/pF) C, + 75 ns 


Reset to Q 
teLH. tPHL = (1.7 ns/pF) Cy + 265 ns 


tPLH. tpHL = (0.66 ns/pF) Cy + 117 ns 
tPLH. tpHL = (0.66 ns/pF) Cy + 95 ns 


Minimum Clock Pulse Width 


Maximum Clock Pulse Frequency 
Maximum Clock or Enable Rise and Fall Time 
Minimum Enable Pulse Width 


Minimum Reset Pulse Width 





FIGURE 1 — POWER DISSIPATION TEST 
CIRCUIT AND WAVEFORM 


Pulse 
Generator 


Variable 
Width 
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MC14518B @ MC14520B ; 


FIGURE 2 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 


PWe = PWoH = 50% Duty Cycle 





FIGURE 3 — TIMING DIAGRAM 


1/2/3)4)5}] 6/7) 8) 9 (10/11/12/13114/15) 16/171 18 


etal ba a i 


ponnnn 
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FIGURE 4 — DECADE COUNTER (MC14518B) LOGIC DIAGRAM 
(1/2 OF DEVICE SHOWN) ; 





FIGURE 5 — BINARY COUNTER (MC14520B) LOGIC DIAGRAM 
(1/2 OF DEVICE SHOWN) 
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4-BIT AND/OR SELECTOR 
_ oF 
QUAD 2-CHANNEL DATA SELECTOR 


: or 
QUAD EXCLUSIVE “NOR” GATE 
The MC14519B is constructed with MOS P-channel and N-channel 


enhancement mode devices in a single monolithic structure. These 
complementary MOS logic gates find primary use where low power’ 
dissipation and/or high noise immunity is desired. 


This device exemplifies the design versatility of McMOS logic 


_ structure. This part provides three functions in one package; a 4-Bit 
AND/OR Setector, a Quad 2-Channel Data Selector, or a Quad Ex- 
clusive NOR Gate. | - 


Data 
inputs 


Quiescent Current = 5.0 nA/package typical @ 5 Vde 
Noise {mmunity = 45% of Vpp typical 
Diode Protection on All Inputs 


‘Supply Voltage R ange = 3.0 Vde to 18 Vdc 


Single Supply Operation — Positive or Negative 
High Fanout > 50 

Input Impedance = 1012 ohms typical 

Logic Swing Independent of Fanout’ 


Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range 


Plug-In Replacement for CD4019 in Most Applications 


* LOGIC DIAGRAM 
(Positive Logic) 


Vpp = Pin 16 
Vgg = Pin 8 


eon4 


‘MC14519B 


McMOS MSI 


(LOW-POWER COMPLEMENTARY MOS) 


_ 4-BIT AND/OR SELECTOR. 


L SUFFIX 
CERAMIC PACKAGE 


CASE 620 


P SUFFIX 
PLASTIC PACKAGE 


CASE 648 
ORDERING INFORMATION 


MC14XXXB Suffix Denotes 


i L Ceramic Package 
P Plastic Package 
A Extended Operating 
Temperature Range 


C Limited Operating 
Temperature Range 


TRUTH TABLE 


| CONTROL INPUTS 


ia ae Te 
Xn 
Xn 


Note: f 
Xn © Yn means Xp, (Exclusive-NOR) Yj, 


OUTPUT 








Rating 
DC Supply Voltage. 
Input Voltage, All {nputs 
DC Current Drain per Pin 


Operating Temperature Range — AL Device 
CL/CP Device 


Storage Temperature Range 


ELECTRICAL CHARACTERISTICS 


Output Voltage. 
Vin Vopp or 0 


: “4 Level 
Vin « Dor Vop 
input Voltage* “0” Level 
(Vg = 4.5 or 0.5 Vde) 
(Vo = 9.0 or 1.0 Vdc) 
(Vo = 13.5 or 1.5 Vde} 
“1 Level 
(Vo = 0.5 or 4.5 Vdc) 
(Vo = 1.0 or 9.0 Vdc) 
(Vo = 1.5 or 13.5 Vde) 

Output Drive Current (AL Device) 
(VoH = 2.5 Vde) Source 
(VOH = 4.6 Vde) 

(VoH = 9.5 Vde) 

(VOH = 13.5 Vdc) 

(VoL = 0.4 Vdc) Sink - 
(VoL = 0.5 Vdc) 

(VoL = 1.5 Vde) 

Output Drive Current. (CL/CP Device) 
(Von = 2.5 Vde) Source 
(VoH = 4.6 Vdc) 

(VoH = 9.5 Vde) 
(Von = 13.5 Vdc) 
(Voy = 0.4 Vde) 
(Vo. = 0.5 Vdc) 
(VoL = 1.5 Vde) ; 


Input Current. (AL Device) 
tnput Current (CL/CP Device} 


Input Capacitance 
(Vin = 0) 
Quiescent Current (AL Device) 
_ (Per Package) 


Quiescent Current (CL/CP Device} 
(Per Package) 


Total Supply Current" *t 
{Dynamic plus Quiescent, 
Per Package) 
(Cy, = 50 pF on all outputs, all 
buffers switching) 


"Trow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh = *125°C for AL Device, +85°C for CL/CP Device. 


=Noise immunity specified for worst-case input combination. 


Noise Margin for both 1" and 0" level = 


1.0 Vdc min@ Vpp = 5.0 Vde 
2.0 Vdc min @ Vpp = 10 Vdc 
2.5 Vdc min @ Vpp = 15 Vde 


MAXIMUM RATINGS (Voltages referenced to Vgs} 


B50 18 
0.5toVpp +05] Vde 
-55 to +125 
~40 to +85 


-65 to +150 


0.88 
2.25 
8.8 


+0.00001 | +0.1 


+0.00001 | +0.3 


6.005 
0.010 
0.015 


~~ 
a 


ip = (1.2 wA/kKHz) f + Ipp 
Iy = (2.4 wA/kHz) f+ tpp 
Iy = (3.6 wA/kHz) f+ Ipp 


ie aaa +0.1 
+1.0 eke cas +1.0 


+ 
° 


tTo calculate total supply current at loads other than 50 pF: 
IT(CL) = 1750 pF).+4 x 10-3 (Cc, -50) Vppft 
where: ty is in nA (per package), C_ in pF, Vpp in Vdc, 
and f in kHz is input frequency. ° 
**The formulas given are for the typical characteristics only at 25°C. 
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SWITCHING CHARACTERISTICS* (c,_ =50 pF, Ta = 25°C) 


: Typ 
Output Rise Time : 7 
tr = (3.0 ns/pF) CL + 30 ns 180 350 * 400 
ty = (1.5 ns/pF) Cy + 15 ns ~ 90 150 200 
ty = (1.1 ns/pF) Cy + 10 ns ee 65 110 160 a 
Output Fall Time ; 
100 176 200 
50 75 100 ; 





CL/CP Device 



















te = (0.55 ns/pF) CL +9.5 ns 


Propagation Delay Time 
tPLH, tPHL = (1.7 ns/pF) Cy. + 165 ns 
tPLH. tpHL, = (0.66 ns/pF) Cy +82 ns 

’ tPLH. tPHL = (0.5 ns/pF) Cy + 65 ns 








te = (1.5 ns/pF) Cy + 25 ns 
LEH. 
PHL 250 375 
“415 170 
90 135 


te = (0.75 ns/pF) Cy + 12.5 ns 
FIGURE 1 — DYNAMIC POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 






*The formula given is for the typical characteristics only. 


Pulse 
Generator 


Vin 
10% 


50% Duty Cycle 


Pulse 
Generator 


Outputs 


Output 
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TYPICAL CIRCUIT APPLICATIONS 


DATA REGISTER SELECTION COMPARISON 


MC14015B8 
Dual 4-Bit Register 


4-Bit Register A 4-Bit Register B - 


Qt Q2 a3 a4 Qi a2 a3 a4 


X2 X3 YO Y1 Y2 
Control A O MC145198 


AND/OR Select/Excl NOR 
Control B Oo 


~7 
| mc140708 


| Quad 
| Exclusive OR 


inhibit, all zeros 
Inhibit, all ones 
Control A 
Control.A and Invert 
Control B 
Control B and Invert 
xo © YO!xX1@ Y1]xX2@ Y2 |X3@ Y3 | Exclusive NOR 
XO @ YO |X1@ ¥1]X2@ Y2 |[X3@ Y3 | Exclusive OR 


Circuit diagrams utilizing Motorola products are included as a means is believed to be entirely reliable. However, no responsibility is 
of illustrating typical semiconductor applications; consequently, assumed for inaccuracies. Furthermore, such information, does not 
complete information sufficient for construction purposes is not convey to the purchaser of the semiconductor devices described any 
necessarily given. The information has been carefully checked and license under the patent rights of Motorola.inc. or others. 
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DUAL UP COUNTERS > 


The MC14518B dual BCD counter and the MC14520B dual bi- ~ 


nary counter are constructed with MOS P-channel and N-channel 
enhancement mode devices in a single monolithic structure. Each 
consists of two identical, independent, internally synchronous 4- 
stage counters, The counter stages are type D ‘flip-flops, with inter- 


MC14520B 


FOR COMPLETE DATA 
SEE MC14518B 


- McMOS MSI 


(LOW-POWER COMPLEMENTARY MOS) 


DUAL BCD UP COUNTER 
(MC14518B) 
DUAL BINARY UP COUNTER 
_ (MC14520B) 


changeable Clock and Enable lines for incrementing on either the 
positive-going or negative-going transition as required when cascad- 
ing multiple stages. Each counter can be cleared by applying a high 
level on the Reset line. In addition, the MC14518B will count out of 
all. undefined states within two clock periods. These complementary 
MOS up counters find primary use in multi-stage synchronous or 
ripple counting applications requiring low power dissipation and/or 
high noise immunity. Additional characteristics can be found on the 
Family Data Sheet. 
® Quiescent Current = 5.0 nA/package typical @ 5 Vdc 
Noise Immunity = 45% of Vpp typical 
Diode Protection on All Inputs 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 
Low Input Capacitance = 5.0 pF typical 
_ Internally Synchronous for High Internal and External Speeds. 
Logic Edge-Clocked: Design — Incremented on Positive Transition 
of Clock or Negative Transition on Enable - 
6.0 MHz Counting Rate 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range : 


L SUFFIX 
CERAMIC PACKAGE 


CASE 620 


P SUFFIX 
PLASTIC PACKAGE 


CASE 648 
ORDERING INFORMATION 


MC14XXXB __ Suffix Denotes 


L 


Ceramic Package 
Plastic Package 
Extended Operating 
Temperature Range 
Limited Operating 
Temperature Range 





MAXIMUM RATINGS (Voltages referenced to Vg) 


Rating «YS 
[[De-current Drainperfin————~id 1 | _10 _| mace] 


Operating Temperature Range — AL Device -55 to +125 % 
CL/CP Device -40 to +85 , 


Storage Temperature Range ‘ -65 to +150 











Enable 


15 . : 
Vpp = Pin 16 
Vsg=Pin 8 


TRUTH TABLE 


[0 _fineremane Counter 
[0 fneremane Counter 
fe] _Nochenee | 





ENABLE 


nee 
io Se 
am 
ee ie Ee 
ae 


This device contains circuitry to protect the 
inputs against damage due to high static voit- 
ages or electric fietds: however, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to this high impedance 


ae 

[0 | No chenee 
[0 | No chenee | 
ee Ke 


circuit. For proper operation it is recommended, 
that Vip and Vout be constrained to the range 
Vss < (Vin OF Vout) < Vop- 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either Vss 
or Vpp). 


X = Don’t Care 
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24-STAGE FREQUENCY DIVIDER 


The MC14521B consists of a chain of 24 flip-flops with an input 
circuit that allows three modes of operation. The input will function 
as a crystal oscillator, an RC osciilator, or as an input buffer for an 
external oscillator. Each flip-flop divides the frequency of the 
previous flip-flop by two, consequently this part will count up to 
2% = 16,777,216. The count advances on the negative going edge of 
the clock. The outputs of the last seven-stages are available for added - 
flexibility. 


Quiescent. Current = 5.0 nA/package typical @ 5 Vdc 

f(max) = 9.0 MHz typical @ Vpp = 10V 

All Stages are Resettable 

Reset Disables the RC Oscillator for Low Standby Power Drain 


RC and Crystal Oscillator Outputs Are Capable of Driving | 
External Loads 


Test Mode to Reduce Test Time : 
Vpp’ and Vss’ Pins Brought Out on Crystal Oscillator Inverter 


to Allow the Connection of External Resistors: for Low-Power 
Operation 


Supply Voltage Range = 3.0 Vdc to 18 Vdc 
Capable of Driving Two Low-power TTL Loads, One Low-power 


Schottky TTL Load or Two HTL Loads Over the Rated Tempera- 
ture Range. 





MAXIMUM RATINGS (Voltages referenced to Vgs) 


Symbol 












-§5 to +125 
~40 to +85 


Operating Temperature Range — AL Device 
CL/CP Device 


Storage Temperature Range . 


pf 10 | mae 


BLOCK DIAGRAM 


Stages ~ 


Stages 18 thru 24 


1 thru 17 


Q18 Q19 Q20 G21 G22 G23 Q24 2 


Vop = Pin 16 
Vss = Pin8- 


1011 °#12 #43 «14 «415 
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This device contains circuitry to protect the inputs against damage due to high static voitages or electric fields; however, it is advised that 
normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high impedance circuit. For proper 
operation it is recommended that Vin and Vout be constrained to the range Vgsg <(Vjn OF Vout) < Vop- 


Unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vgs or Vop). 


MC14521B 








McMOS MSI 


(LOW-POWER COMPLEMENTARY MOS) 
24-STAGE FREQUENCY DIVIDER 






L SUFFIX 
CERAMIC PACKAGE 


CASE 620 


P SUFFIX 
PLASTIC PACKAGE 


CASE 648 


ORDERING INFORMATION 


MC14XXXB Suffix Denotes 


L Ceramic Package 
Plastic Package 
Extended Operating 
Temperature Range 
Limited Operating 
Temperature Range 


anon A WN = 





OUTPUT | COUNT CAPACITY 


218 2 262,144 
2° = 524,288 
2” = 1,048,576 
27! 2 2.097,152 
= 4,194,304 
27 = 8,388,608 
2” = 16,777,216 


1 





ELECTRICAL CHARACTERISTICS 


Output Voltage 
Vin = Vop or 0 


"1" Level 
Vin = O0r Vop 


Input Voitage# “0” Level 
(Vo = 4.5 or 0.5 Vac) 
(Vo = 9.0 or 1.0 Vde) 
(Vo = 13.5 or 1.5 Vde) 
“1 Level 
(Vo = 0.5 or 4.5 Vde) 
(Vg = 1.0 or 9.0 Vde) 
(Vo = 1.5 ar 13.5 Vde) 

Output Drive Current (AL Device) 
(Von = 2.5 Vde) Source 
(VoH = 4.6 Vdc) . 

(VoH = 9.5 Vde) 

(VoH = 13.5 Vde) 

(VoL = 0.4 Vdc) Sink . _ 
(VoL = 0.5 Vde) Ay . 
(VoL = 1.5 Vde) a 


Output Drive Current (CL/CP Device) 
(VOH = 2.5 Vde) Source . . 
(Von = 4.6 Vde} i A 
(VoH = 9.5 Vde) : ; 
| (Von = 13.5 Vde) F ; ‘ 
} 20.1 | 


(Voy = 0.4 Vde) Sink oO. F 0.88 
(Voi = 0.5 Ve) : 2.25 
(Vot = 1.5 Vde) . 8.8 


£0. 70,00007 | 0.1 
Input Current (CL/CP Device) . t 
Input Capacitance i 7 
(Vin = 0) en 
Quiescent Current (AL Device) R Ea 
(Per Package} : R 


5 
Quiescent Current (CL/CP Device} . 20 
(Per Package) : i 40 
x 80 
Total Supply Current**t iy =(0.42 pA/kHz) f+ Ipp 
(Dynamic plus Quiescent, ly =(0.85:#A/kHz) f+ Ipp 
Per Package) . ly =(1.4 wA/kHz) f+ IpD 


(C, = 50 pF on ail outputs, all 
buffers switching) 





*Tlow = -55°C for AL Device, -40°C for CL/CP Device. | 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
Noise immunity specified for worst-case input combination. 
Noise Margin for both "1" and “0” level = 1.0 Vdc min@ Vpp = 5.0 Vdc 
. 2.0 Vde min @ Vpp = 10 Vde 
2.5 Vde min@ Vpp = 15 Vde 
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MC14521B 





SWITCHING CHARACTERISTICS* (c, = 50 pF, Ta = 25°C) 


Max 
; ; CL aa ord Typ Pere ‘| Ct/cp 
Characteristic . os Device | All sedi ered Device | Device 


180 350 
90 150 
65 110 


100 175 
50, 75 
55 - 


Output. Rise Time 
ty = (3.0 ns/pF) CL + 30 ns 
ty = (1.8 ns/pF) CL + 16 ns 
; tp = (1.1 ns/pF) CL +10 ns 
Output Fall Time 
te = (1.5 ns/pF) Cy + 25 ns 
= (0.75 ns/pF) C_ + 12.5 ns 
te = (0.55 ns/pF) C_ +9.5 ns 
| Propagation Delay Time 
Clock to 018 
tPHL: tPLH = (1.7 ns/pF) Cy, + 4415 ns 
tPHL. tPLH = (0.66 ns/pF) Cy + 1667 ns 
tPHL. tPLH = (0.5 ns/pF) Cy + 1175 ns 
Clock to Q24 
tPHL, tPLH = (1.7 ns/pF) Cr + 5915 ns 
tPHL. tPLH = (0.66 ns/pF) C. + 2167 ns 
tPHL. tPLH = (0.5 ns/pF) Cy + 1475 ns 
Propagation Delay Time 
Reset to Q, 
tpHL = (1.7 ns/pF) Cy + 1215 ns 1300 2600 | 4000 
tpHL = (0.66 ns/pF) Cy + 467 ns 500 1000.| 1500 
tpHL = (0.5 ns/pF) Cy + 325 ns 350 750 1200 


Minimum Clock Pulse Width fate pos 385 
hl : 
120 
Maximum Clock Pulse Frequency . 
‘ iG 
12 


Minimum Reset Pulse Width ; : ae 700 1400 hen 
300 600 
200 450 


*The formula given is for the typical characteristics only. 





_ FIGURE 1. — POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 


50% Duty Cycle 


: ; }~-20 ns _> ja 20 ns 
Pulse tr, 90% <Fvoo 
Generator : Vin 50% 
; ee | Ov 
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FIGURE 2 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 


Pulse 
Generator 





: FIGURE 4 ~— TYPICAL DATA FOR CRYSTAL 
FIGURE 3 — CRYSTAL OSCILLATOR CIRCUIT 


OSCILLATOR CIRCUIT 


Crystal Characteristics 
Resonant Frequency 


500 
Equivalent Resistance, Rg 


1.0 


47 
82 
20 
Frequency Stability. 
Frequency Change as a Function 


of Vop (Ta = 25°C) 
Vop Change from 5.0 V to 10 V 
Vop Change from 10 V to 15 V 
Frequency Change as a Function 
of Temperature ‘Yop =10V) 


Ta Change from -55 
MC14521 only 
Compitete Oscillator * 

Tp Change from +26°C to +125°C 
MC14521 only 
Complete Oscillator * 


C to +25°C 


*Optional for low power operation. 





*Comptete oscillator includes crystal, capacitors, and resistors. 
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FIGURE 6 — RC OSCILLATOR FREQUENCY AS A 
FIGURE 5 — RC OSCILLATOR STABILITY FUNCTION OF Arc AND C 


Test Circuit 


FREQUENCY DEVIATION (%) 
f, OSCILLATOR FREQUENCY (kHz) 


Rtc = 56 ka, seam =0,f = 10.15 kHz @ Vopp = 10 V, Ta = 
mmm Rg = 120 kQ, f = 7.8 kHz @ Vpp = 10 V, Ta= real 





§ = 10K 100 
55 2 0 25 a 7% WO 15 ATC, RESISTANCE (OHMS) 
Tp, AMBIENT TEMPERATURE (°C), DEVICE ONLY 0.0001 0.001 0.01 0.1 
C, CAPACITANCE (uF) 
FIGURE 7 — RC OSCILLATOR CIRCUIT FIGURE 8 — FUNCTIONAL TEST CIRCUIT 


Pulse 
Generator 





FUNCTIONAL TEST SEQUENCE 


; INPUTS OUTPUTS COMMENTS 


Saas aba in parallel mode 
anne Voo ic ee Counter is reset. In 2 and 
A test function (see Figure 8) has been in- eee 2 are connected together 
cluded for the reduction of test time required to First 0" to ‘1 transition 
exercise all 24 counter stages. This test function Ob dw ect? neds: 
divides the counter into three 8-stage sections, 209: 30). 20.1 ransitions 
and 255 counts are loaded in each of the 8-stage Gigaea ve tos 
sections in parallel. All flip-flops are now at a . 
logic “1’’. The counter is now returned to the 
Gnd 
Vpo 


normal 24-stages in series configuration. One — uncial i Mies 
more pulse is entered into Input 2 (In 2) which oe 

will cause the counter to ripple from an all 
“1” state to an all ‘‘0” state. 


ee eat! converted back to 
24-stages in series mode. 


Out 2 converts back to an 
output. 


po [sar ripples from an 
aE “*1"' state to an all 
**O"* stage. 
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LOGIC DIAGRAM 






- Vop = Pin 16 
Q21  a22 Q23. 024 _ Vgg = Pins 









Q19 Q20 


(A) MOTOROLA Semiconductor Products Inc. 
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~ MC14522B 
MC14526B 


McMOS MSI 


(LOW-POWER COMPLEMENTARY MOS) 


PROGRAMMABLE DIVIDE-BY-N 
4-BIT COUNTERS 


MOTOROLA 


Semiconductors 


BOX 20912. PHOENIX, ARIZONA 85036. 





PROGRAMMABLE DIVIDE-BY-N 4-BIT COUNTERS 


The MC14522B BCD counter and the MC14526B binary counter 
are constructed with MOS P-channel and N-channel enhancement 
mode devices in a single monolithic structure. . 

These devices are programmable, cascadable down counters with 
a decoded “0” state output for divide-by-N applications. In single 
stage applications the “0” output is applied to the Preset Enable 
input. The Cascade Feedback input allows cascade divide-by-N 
operation: with no additional gates required. The Master Reset 

‘function provides synchronous initiation of divide-by-N cycles. The 
Clock Inhibit input allows disabling of the pulse counting function. - 

These complementary MOS counters can be used in frequency 
synthesizers, phase-locked loops, and other frequency division appli- 
cations requiring low power dissipation and/or high noise immunity. 






BCD — MC14522B 
Binary — MC14526B 


L SUFFIX P SUFFIX 
CERAMIC PACKAGE = PLASTIC PACKAGE. 


CASE 620 CASE 648 


® Quiescent Current = 5.0 nA/package typical @ 5 Vdc 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


e 
@ internally Synchronous for High Internal and External Speeds. 
e 


. . ee Donets ORDERING INFORMATION 
Logic Edge-Clocked. Design — incremented on Positive Transition 


of Clock or Negative Transition of Clock Inhibit. 
5.0 MHz Counting Rate 
©. Asynchronous Preset Enable 


‘Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range 


MC14XXXB _. Suffix Denotes 


L L Ceramic Package 
P Plastic Package 
A Extended Operating 
Temperature Range 


C Limited Operating 
Temperature Range 


MAXIMUM RATINGS (Voltages referenced to Vss) 


DC Supply Voltage : -0.5 to +18 
Input Voltage, All Inputs . 0.5 to Vpp + 0.5 
A 


BLOCK DIAGRAM 


DC Current Drain per Pin he 


‘Operating Temperature Range — AL Device T -55§ to +125 
CL/CP Device : -40 to +85 
Storage Temperature Range : ~ -65 to +150 8 


TRUTH TABLES 
BOTH TYPES © 


| Enenie | Rewt| Action | 
Enable | Re: 

oO 

o 

0 

ie) 

1 

x 


set F “gr 
0 No Count 
ct] Count-1 . 
o No Count 
° Count-1 ‘ Vop = Pin 16 
° Preset ; Vss =Pin8 


MC14526B 





This device contains circuitry -to’ protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that norma! precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vin and Voyt_ be 
constrained to the range Vgs < (Vin or 
Vout) < Vop- “ ; 

Unused inputs must. always be tied to an 
appropriate logic voltage level (e.g., either 
Vsg or Vpp). 





| coum [oar 
7 O 
6 O° 
5 o 
4 Q 
3 0 0 
2 0 0 
1, 0 ) 
0 0 0 


ae ceee|naenaafe 





MC14522B e MC14526B 


ELECTRICAL CHARACTERISTICS 


Output Voltage 
Vin = Vpp or 0 


Vin = 0 or Vpp 


Input Voltage* 
(Vo = 4.5 or 0.5 Ve) 
(Vo = 9.0 or 1.0 Vde} 
(Vo = 13.5 or 1.5 Vde) 
“1” Level 
(Vo = 0.5 or 4.5 Vde) 
(Vo =1.0 or 9.0 Vdc) 
(Vo = 1.5 or 13.5 Vde) 


Output Drive Current (AL Device) 
(VOH = 2.5 Vde) Source 
(VoH = 4.6 Vde) 

(VoH = 9.5 Vde) 
(VoH = 13.5 Vde) 


(VoL = 0.4 Vdc) Sink 
(Voy = 0.5 Vdc) 
(VoL = 1.5 Vde) 


Output Drive Current (CL/CP Device} 
(Vou = 2.5 Vde) - Source : . 
(VOH = 4.6 Vde) . : 
(VOH = 9.5 Vde) . . . 
. (VoH = 13.5 Vdc) 4. : . 


(VoL = 0.4 Vde) : 0.88 
(Voz = 0.5 Vde) 
(Vox = 1.5 Vde) 


Input Current (AL Device) +0. saat 
Input Current (CL/CP Device) +0.00001 uAdc 


Input Capacitance 
(Vin = 0) 

Quiescent Current (AL Device) 
(Per Package) 





: > 
a 
eo]. 


Quiescent Current (CL/CP Device) 
(Per Package) 
600 
- {Total Supply Current**t ; ty = (1.7 pA/kHz) f+ lop 
(Dynamic plus Quiescent, iy = (3.4 wA/kHz) f+ Ipp 
Per Package) , I = (5.1 uwA/kH2) f + IpD 
(CL = 50 pF on all outputs, all : 
buffers switching) 





*Tiow = -55°C. for AL Device, -40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
#Noise immunity specified for worst-case input combination. 
Noise eae for both our and ‘0’ level = 1.0 Vde min@ Vpp = 5.0 Vde 
2.0 Vde min@ Vpp = 10 Vde 
2.5 Vdemin@Vpp = 15 Vde 
tTo calculate total supply current at loads other than 50 pF: 
ITICL) = 17 (50 pF) +1 x 10-3 (Cy -50) Vppf 
where: I is in wA (per package), Cy in pF, Vpp in Vdc, and f in kHz is input fatenen: 
“*The formulas given are for the typical chorectorbtsce only at 25°C. 
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SWITCHING CHARACTERISTICS* (Cc, = 50 pF, Ta = 25°C) 


el Typ AL a ae 
Characteristic Device | All Types | Device ee 


Output Rise Time 
ty = (3.0 ns/pF) CL + 30 ns 
= (1.5 ns/pF) Cy + 15 ns 
tr = (1.1 ns/pF) Cy + 10 ns 


Output Fall Time 
te = (1.5 ns/pF) Cy + 25 ns 
ty = (0.75 ns/pF) Cy + 12.5 ns 
te = (0.55 ns/pF) C_ +9.5 ns 


Propagation Delay Time 

Q Outputs 
tPLH. tpHL = (1.7 ns/pF) CL +465 ns 
tPLH. tPpHL = (0.66 ns/pF) C, + 197 ns 
tpLH. tpHL = (0.5 ns/pF) Cy + 135 ns 

“O" Output 
tPLH. tPHL = (1.7 ns/pF) CL + 155 ns 
tpLH, tpHL = (0.66 ns/pF) Cy +87 ns 
tPLH. tPHL = (0.5 ns/pF) Cy + 65 ns 


Minimum Clock Pulse Width 


180 400 
200 
160 


200 
100 
80 


Maximum Clock Pulse Frequency 


Wn- 
ono 


Maximum Clock or Inhibit Rise and Fall Time 


Hold Time 


Minimum Preset Enabije Pulse Width 


Minimum Master Reset Pulse Width 





*The formula given is for the typical characteristics only. 
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MC14522B © MC14526B 


FIGURE 1 — TYPICAL OUTPUT SOURCE : FIGURE 2 — TYPICAL OUTPUT SINK 
CHARACTERISTICS TEST CIRCUIT CHARACTERISTICS TEST CIRCUIT - 


Vop = -VGs 


External €xternal 
: Power Power 
Supply Supply 


Pulse 
Generator 


Variable 
Width 50% Duty Cycle 





FIGURE 4 — AC TEST CIRCUITS 


A) TEST NOS. 1—6 B) TEST NO. 7 
Vv 


0 VoD ee 


Pulse 
Generator 


Pulse 
Generator 
2 
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MC14522B @ MC14526B a? - . 


FIGURE 5 — AC TEST CONNECTIONS AND WAVE FORMS 


TEST NO. 1 TEST NO. 2 


fin = fmax 


TEST NO. 4 


TESTNO.5&7 | : TEST NO.6 





PLN, PHL 


teLH,tPHL 
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MC14522B ©® MC14526B 








FIGURE 6 — MC14522B LOGIC DIAGRAM (BCD Divide-by-N Counter) 


EL Sea | 


= 


Se cal 


Inhibit O 


LSE SIL i 


lim acess all 
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FIGURE 8 — 2-STAGE PROGRAMMABLE DOWN COUNTER 
{One Cycle) 


Cycle inhibit 


Counting Cycle 


9 (15) 
8 (14) 


L.S.D. 
MC 14522B “o" MC 14522B “oO” 
MC 145268 MC 14526B 


c 
Op1 Op2 Op3 
no nt 


1 (1) Tv 


0 (0)-————»O—». Stop at ‘’0"’ 


L.S.D. M.S.D. 
Counter Counter 


Master 


Thumbwheel Switches 
(Open = '’0"’) 





FIGURE 9 — 2-STAGE PROGRAMMABLE FREQUENCY DIVIDER 


Counting Cycle 


9 (15) 
8 (14) 

L.S.D._ M.S.D. . 
MC14522B = 0” MC14522B 


MC 145268 MC 14526B 


ni 


2 
1 


0 
M.S.O. 


Counter 
Master 


Thumbwheel Switches 
(Open = 0") | 


Circuit diagrams utilizing Motorola products are included as a means’ is believed to be entirely reliable. However, no responsibility is 
of illustrating typical semiconductor applications; consequently, assumed for inaccuracies. Furthermore, such information does not 
complete information sufficient for construction purposes is not convey to the purchaser of the semiconductor devices described any 
necessarily given. The information has been carefully checked and license under the patent rights of Motorola Inc. or others. 
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MOTOROLA | 
Semiconductors | MCM14524 


BOX 20912 . PHOENIX, ARIZONA 85036 


McMOS LSI 


1024-BIT READ ONLY MEMORY ; (LOW-POWER COMPLEMENTARY MOS) 

The MCM14524 is a complementary MOS mask programmable 
Read Only Memory (ROM). This device is ordered as a factory spe- 
cial with its unique pattern specified by the user. 1024-BIT 

This ea ea in a 256 x 4-bit pattern. The puis of (256 x 4) 
a specified address AO, Al, A2, A3, A4, A5, A6, A7 >) will 
appear at the four data outputs (BO, B1, B2, B3) following the READ ONLY MEMORY 
negative going edge of the clock. When the clock goes high, the data 
present at the output will be latched. The memory Enable may be 
taken low asynchronously, forcing the data outputs low and reset- 
ting the output latches. This device finds application wherever low 
power or high noise immunity is a design consideration. 


Diode Protection on All Inputs 

Noise Immunity = 45% of Vpp typical 

Quiescent Current — 10 nA/package typical @ 5 Vdc L SUFFIX P SUFFIX 
. ; . oe me : CERAMIC PACKAGE PLASTIC PACKAGE 

Single Supply Operation — Elmet Positive or Negative pkec ase Gace eae 

Memory Enable Allows Expansion 

Output Latches Provide a Useful Storage Register 

Supply Voltage Range = 3.0 Vdc to 18 Vdc : MC14XXX 


Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load to Two HTL Loads Over the Rated Temper- n eramle Pach ays 


P Plastic Package 
ature Range A. Extended Operating 


Temperature Range 
C Limited Operating 
Temperature Range 


ORDERING INFORMATION 


Suffix Denotes 


BLOCK DIAGRAM 
2 
Enable oO 


Clock >° 
ao of > 
14 


A1 0 Vop = Pin 16 


Vss = Pin 8 


Memory es Address Output 


Matrix Decoder Latch and" 
(32 x 8) ~ (1 of 8) Buffer 


7 
A2 0 


= Address | Output 
(32 x 8) i | Decoder Latch and 
1 of 32 (1 of 8) 
Address Pe 


Buffer 


Output 
Latch and 
Buffer 





Decoder | i 
(32 x 8) 


(32 x 8) 


Output 
Latch and 
Buffer 


Address 
Decoder 
(1 of 8) 


{te 
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~ | MCM14524 - 


: 5 4 7 
é ‘ ‘ 


MAXIMUM RATINGS (voltages referenced to Vgg) 


This device contains circuitry to protect the . 
inputs against damage due to high static voltages 
or electric fields; however, it is advised that 
normal precautions be taken to avoid applica- 
tions of any voltage higher than maximum rated 
voltages to this high impedance circuit. 

' Unused inputs must always be tied to an 
appropriate logic voltage levei (e.g., either Vos 
or Vopp). 










OC Supply Voltage -0.5 to +18 
Input Voltage, All Inputs -0.5 to Vpp + 0.5 
DC Current Drain per Pin al Ge 


Operating Temperature Range — AL Device Ta -55 to +125 % . 
Z CL/CP Device ~40 to +85 
Storage Temperature Range -65 to +150 


ELECTRICAL CHARACTERISTICS 


Symbol 


Output Voltage “0” Level 














au 
Noise Immunity # Vv 
(“Vout < 0.8 Vde) © 

(Vout < 1.0 Vde) 
(4Vout < 1.5 Vde) 

Vv 

i 

! 

I 


A 


IN IN iN 


I IN 


(Vout < 0.8 Vde) 
(2Vout < 1.0 Vde) 
(4Vout < 1.5 Vde) 


OL 
OH 
NL 
\ 
NH 
Output Drive Current (AL Device) 
(VOH = 2.5 Vdc) Source 
(VOH = 4.6 Vdc) 
(VoH = 9.5 Vdc) 
(VOH = 13.5 Vde) 
OL 
OH 
OL 
Cin 
IT 


(VoL = 0.4 Vdc) ; 
(VoL = 0.5 Vdc) 
(VoL = 1.5 Vde) 


Output Drive Current (CL/CP Device) 
(VoH = 2.5 Vdc) Source 
(VOH = 4.6 Vdc) 

(VGH = 9.5 Vde) 
(Von = 13.5 Vde) 


(VoL = 0.4 Vdc) Sink 
(Vou = 0.5 Vdc) 
(VoL = 1.5 Vde) 


input Current (AL Device) ee 
Input Current (CL/CP Device) aerre 


| Input Capacitance 
“(Ving = 0) 


Quiescent Current (CL/CP Device) 
(Per Package) 


Quiescent Current (AL Device) 
(Per Package) 


Ip = (1.6 pA/KHz) f + Ig 
IT = (3.2 pA/kH2) f + ig 
Iy = (4.8 BA/KHz) f +1Q 





< 
is) 
i=] 


Total Supply Current* *t 
(Dynamic plus Quiescent, - 
Per Package) 
(C,_ = 50 pF on all outputs, all 
buffers switching} ; 


*Tlow = ~55°C for AL Device, -40°C for CL/CP Device. 
Thigh = +125°C for AL Device, 85°C for CL/CP Device. 
#Noise immunity specified for worst-case input combination. 
tTo calculate total supply current at loads other than 50 pF: 
I7(CL) = 17 (50 pF) + 1 x 10-3 (Cy -50) Vppft 
where: I7 is in uA (per package), CL in pF, Vop in Vde, and f in kHz is input frequency. 
**The formulas given are for the typical characteristics only at 25°C. : 
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SWITCHING CHARACTERISTICS (Cc, =50 pF, Ta = 25°C) 


Characteristic 


Output Rise Time =» 
tr.t¢ = (3.0 ns/pF) Cy + 30 ns 
ty.t¢ = (1.5 ns/pF) CL + 15 ns 
tr.te = (1.1 ns/pF) Cy + 10 ns 


Output Fall Time 
ty.t¢ = (1.5 ns/pF) Cy + 25 ns 
ty.t¢ = (0.75 ns/pF) Cy + 12.5 ns 
t,t = (0.55 ns/pF) Cy + 9.5 ns 


i sites Access Delay Time 
= (1.7 ns/pF) Cy + 1265 ns 
= (0.66 ns/pF) CL +517 ns. 
ace (0.5 ns/pF) CL + 325 ns 


Enable Access Delay Time 
. tacce, = (1.7 ns/pF) Cy +160 ns 
taccEn = = (0. 66 ns/pF) CL +77 ns 
tacce, = (0.5 ns/pF) C_ +50 ns 


Minimum Clock Pulse Width* 


Maximum Low Clock Pulse Width# 
Address Setup Time 

Maen Hold Time 

Minimum Clock to Enable Setup Time 


Minimum Clock to Enable Hold Time 


“The clock can remain high indefinitely with the data remaining latched. 
#If clock stays low too long, the dynamically stored data will leak off and will have to be recalled. 


FIGURE 1 — OUTPUT DRIVE CURRENT 
TEST CIRCUIT 


Pulse 
Generator 


Clock at 100 kHz 
Pulse Width = 300 ns 


“Notes: 
1. Source current, addiess ROM to obtain a “4” 
on all four outputs (BO thru B3). 
2. Sink current, address ROM to obtain a ‘’0’’ 
on all four outputs (BO thru B3). 
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= Typ CL/cP 
Device | All Tye cA Device 


180 350 
90 150 20 
65 110 


100 176 | 200 
75 100 
55 80 


4000 
1600 
1200 


615 
265 
190 


FIGURE 2 ~ SWITCHING TIME TEST CIRCUIT 
(Refer to timing diagram) 


Pulse 
Generator 
Pulse 
Generator 


Note: 
Address ROM to obtain level change when 
clocking any one address tine. 





MEMORY READ CYCLE TIMING DIAGRAMS 


a) Using Clock to 
Read Memory 


Address 50% Address Valid Vy Don’t Care 
Input Y {Address must be fixed) (Address can be changed) Y 


Clock Input 


‘tsetupa 


@— Enable pulse not required 
in this diagram to read memory 


Outputs remain reset on 
if clock is high ; 
VoL 
*Data outputs always go to the logic ‘‘1’’ state before the data is valid 
between accessing successive ‘‘0’s’’ 


b) Using the Enable **Outputs forced to 0" by Enable. 


to Read Memory 


vw EEK === UM 


Enable 
input 


Access ‘’1'’ 
Data 
Outputs Valid Access "0" 


t in this mode of operation, the negative going edge of Enable 


T #The data Outputs are valid without the logic ‘'1"’ pulse occurring 
should occur on or before the clock negative edge. 


during the access cycle as shown in a) above. 





CUSTOM PROGRAMMING 





By the programming of a single photomask for the MCM14524, 
the customer may specify the content of the memory. 


Address Inputs: 


Words are numbered 0 through 255 and are addressed using 
sequential addressing of Address leads AO through A7 with AO 
as the least significant digit. 

Logic 0" is defined as a “low” Address input (Vj_). 

Logic ‘1’ is defined as a “high’’ Address input (Vj}4). 


ADDRESS 
A7 A4 A2 
~ | o 7 o;7,0],0;0!0 
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TRUTH TABLE ~ 


CLOCK [ENABLE ef Te 
eee ee rn 
_y~ Voo OUTPUT “ 

Ves — } ' | LATCHES 






BINARY TO HEXA- 
DECIMAL CON- 
VERSION TABLE 


. BINARY 





X = Don’t Care 


*tndicates contents of specified Address will appear at outputs as stated above. WORD 
DESIRED [CHARACTER 


Two methods may be used to transmit the custom memory 
pattern to Motorota.. 


METHOD A: PUNCHED COMPUTER CARDS 


A binary coded decimal equivalent of each desired output may 
be punched in standard computer cards (four cards are required 
for all 256 words) in numerical (word number) order. 64 words 
per card are punched in columns 12 thru 75 using the Binary to 
Hexadecimal conversion table. Columns 77 and 78 are used 
to number the cards, which must be in numerical order. Please 
use characters as shown in the table when punching computer cards. 


waaslooo0o0|--=--lo000 


3 O00/--OC0/--00/-400 
-O-o0l-0-0f/-o-o0}]-o0-0 


MMOO(BPOWMiVWAMEBIWN—O 








“WORD 
NUMBER ARACTER 
(9) 
Shown in columns 
5 12 — 15 on card 
0 below 
1 
Card 
WORD NUMBER ae No. 


01234 $6789 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 3t 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 90 51 52 53 54 55 56 57 58 59 6D 61 62 63 at 


P Cl 


4223-05 6 TO 8 18H 82:13 $6 05 16 17 18 I 1S 16-11 78 19 08 


LUETEVOGTT EDT 
2282222222222 222 F222 2222222222222 2222 222222222222222222222222222 
333333333333§033933333393933333333333333333939333939333333333333939393333933333333 


eCOoCeCOOCOMOCRRSHEE ] Bogooc 
G17 18 19 28 2t ‘ 
11 


PYVYVYVIVYTYVETIVELETILELYTITULTVETT IT TVPTTTerererererererrrererirerrrririrri rr 
SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSHSSSSSSSSSSSSSSSSSSSSSSSSSS5S55S 
SECCCCEECCSSESCEESESCCSSSSSSSESECESSSECCSSSECCSSGESESSSESESSCSESBSSGESSSSESCEEGS 
PERRPRRRERRRPOREREREREPERO RED PRORPPDR PRP RRPRE REDD RRP RRSP Rhee eR Peeee Pee Ree een) 
SUSSSCOSSSOSSSSSSUDSSCSSRESSSSES ESSE ERESESERSESESERESESERSESSESESRSESSEEROEESS 


- 99999989999999999899999999999999999999999999999999999999999999999999I999999I9IIIII| 
$0078 9 8 at 12 1816 15 06-17 0818 29 NE 2D 20 25 26 2 29-32 28 M35 0 7 OB 2 6S GLA A AT 8 9058S 58 4 55 8 ST S08 OAD HS HER OTITIS TD 
STANDARD FORM 5081 
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METHOD B: TRUTH TABLE 


use the 0 to F 


For customers who do not have access to punch cards, Motorola 
will accept Truth Tables. When filling out the table, 


hexidecima! character in column “C”’. 


CRRA R TREE R Re eRe RAL RAE ARREARS eRe EERE 


. | d Ss led Ld 
Lael N ie] < 
; N N N N 





’ 


Ops Pee ees Bey epee ae ee a ate ee ea 


> oO Ss °o NIMS s Led 8 nd 
wo i) © f Lad (nl [Land Ss © oa 
- ~ - had ejel= bad oe - 7 


Oat sae eee Ee REM RRRERRRA ERD ORARRREe 


ee - Dad ad - - 


oP TT EE 


~ t i=] NOS Ole} Oro N]o nd 
wo © is SIRES RI RTSRIS 0010 o 


‘ =, 


s s i S 
BFP E RRR REEF Erl teases ese | 
zs ta 





175 
176 
178 
179 
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PROGRAMMABLE DIVIDE-BY-N 4-BIT COUNTERS 


The MC14522B BCD counter and the MC14526B binary counter 
are constructed with MOS P-channel and N-channel enharicement 
mode devices in a single monolithic structure. 

These devices are programmable, cascadable down counters with 
a decoded “0” state output for divide-by-N applications. In single 
stage applications the “O” output is applied to the Preset Enable 
input. The Cascade Feedback input allows cascade divide-by-N 

, operation with no additional gates required. The Master Reset 
‘ function provides synchronous initiation of divide-by-N cycles. The 
~ Clock: Inhibit input allows disabling of the pulse counting function. 

These complementary MOS counters can be used in frequency 
synthesizers, phase-locked loops, and other frequency division appli- 
cations requiring low power dissipation and/or high noise immunity. 


® Quiescent Current = 5.0 nA/package typical @ 5 Vdc 
Supply Voltage. Range = 3.0 Vdc to 18 Vdc 
Internally Synchronous for High Internal and External Speeds. 


Logic Edge-Clocked Design — Incremented on Positive Transition - 
of Clock or Negative Transition of Clock Inhibit 


5.0 MHz Counting Rate 
Asynchronous Preset Enable 


Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range 





i 


~ MAXIMUM RATINGS (Voltages referenced to Vgs) : 


[SS —SRating ——SSSSCS*dSCS mbt Value = 
Input Voltage, All Inputs ; 
DC Current Drain per Pin | Pot ft 10 made | 


Operating Temperature Range — AL Device -55 to +125 ios 
CL/CP Device ~40 to +85 


Storage Temperature Range -65 to +150 


TRUTH TABLES 
BOTH TYPES 


Qo ce) No Count 
Sf 0 Count1 

x 1 i No Count 

1 ma : Count-1 

x x Preset 

x x 


Mc14522B , MC14526B 


































MC14526B 


FOR COMPLETE DATA 
SEE MC14522B 





McMOS MSI 
(LOW-POWER COMPLEMENTARY MOS) 


PROGRAMMABLE DIVIDE-BY-N 
4-BIT COUNTERS 





BCD — MC14522B 
Binary — MC14526B 


1 
L SUFFIX P SUFFIX 


CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 620 CASE 648 


ORDERING INFORMATION 


MC14XXXB Suffix Oenotes 


L Ceramic Package 
Plastic Package 


Extended Operating 
Temperature Range 
Limited Operating 

Temperature Range 





This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high: 
impedance circuit. For proper operation it 
is recommended that Vin and Vout be 
constrained to the range Vsg < (Vin or 
Vout) < Vop- 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 


Vss or Vop). 
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BCD RATE MULTIPLIER 


The MC14527B BCD rate multiplier (DRM) provides an output 
pulse rate based upon the BCD input number. For example, if 6 is . 
the. BCD input number, there will be six output pulses for every ten 
input pulses. This part may be used. for arithmetic operations includ- 
ing multiplication and division. Typical applications include digital 
filters, motor speed control and frequency synthesizers. 


Quiescent Current = 5.0 nA/package typical @ 5 Vdc 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 

Low Input Capacitance — 5.0 pF typical 

Internally Synchronous for High Speed 

Output Clocked on the Negative Going Edge of Clock 
Strobe for Inhibiting or Enabling Outputs 


Enable and Cascade Inputs for Cascade Operation of Two or 
More DRMs 


“9” Output for the Parallel Enable Configuration and DRMs in 
Cascade 


Complementary Outputs 
@ Clear and Set to Nine Inputs 


MAXIMUM RATINGS (Voltages referenced to Vgs) a 
‘ Rating 


Ses ene 


Input Voltage, All inputs Vin -0.5 to Vpp + 0.5 Vde 


OC Current Drain per Pin fF 10 


Operating Temperature Range — AL Device -55 to +125 
CL/CP Device -40 to +85 


-65 to +150 % 








Storage Temperature Range 


TRUTH TABLE 


LOGIC LEVEL 


NUMBER OF PULSES 


No. of | 
Clock Pulses STROBE | CASCADE | CLEAR | SE 
() 0 () 


10 
10 


7 7 
8 8 
9 9 
8 8 
9 J 
8 8 
9 9 
8 8 
9 9 


0 [*) 
t) o 
0 i] 
i] i] 
0 i] 
0 : oO 
LY) o 
. oO 0 
mm - 0 
0 0 

[*) [) 

0 i] 

0 0 

0 o 

i) 

(*) 

1 

i] 

0 

0 





6 

0 0 0 
ol o 0 
0 0 0 
0 0 C) 
0 0 Oo | 
0 ) 0 
0 0 0 
0 0 0 
0 0 0 
of; oO v7) 
r) o | 0 
0 o 0 
0 0 0 
1 0 0 
0 1 oF 
) 0 of 
0 0 0 
0 0 . o f 
of}; o 1 


X * Don’t Care 
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MC14527B. 


_McMOS MSI 


(LOW-POWER COMPLEMENTARY MOS) 


BCD RATE MULTIPLIER 


L SUFFIX 1 
CERAMIC PACKAGE ~ 
CASE 620 P SUFFIX 
‘ PLASTIC PACKAGE 
CASE 648 


ORDERING INFORMATION 


MC14XXXB Suffix Denotes 


im Ceramic Package 
Plastic Package 
Extended Operating 
Temperature Range 


Limited Operating 
Temperature Range 


BLOCK DIAGRAM 


Vopb = Pin 16 
Vsg =Pin 8 





-| Mc14527B CO 
ELECTRICAL CHARACTERISTICS 


, Characteristic 


Output Voltage “QO” Levelt 
Vin =Vpp or 0 


“1 Level 
Vin = 9 0r Vop 


Input Voltage® “O" Level 
(Vo = 4.5 or 0.5 Vdc) 
(Vo = 9.0 or 1.0 Vdc) 
(Vg = 13.5 or 1.5 Vde) 


“1” Level 
(Vc = 0.5 or 4.5 Vdc} 

(Vo 2 1.0 or 9.0 Vdc) 

(Vo.= 1.5 or 13.5 Vde) 


Output Drive Current (AL Device) 
(VOH = 2.5 Vde) Source 
(VoH = 4.6 Vde) 

(VOH = 9.5 Vde) 

(VOH = 13.5 Vde) 

(Voz = 0.4 Vdc) Sink 
(Voi = 0.5 Vde) 

(VoL = 1.5 Vdc) 


Output Drive Current (CL/CP Device} 
(Von = 2.5 Vde) Source 
(VOH = 4.6 Vde) 

(VOH = 9.5 Vdc) 
(Von = 13.5 * ic) 
(VoL = 0.4 Vde) 
(VoL = 0.5 Vde) 
(Vox = 1.5 Vde) 


Input Current (AL Device) 
Input Current (CL/CP Device) : 


Input Capacitance 
(Vin = 0) 

Quiescent Current (AL Device) 
(Per Package) __ 


Quiescent Current (CL/CP Device) 
(Per Package) 


Total Supply Current* *t I =(0.85 pA/kHz) f+ Ipp 
(Dynamic plus Quiescent, ty = (1.75 wA/KH2)-f + Ipp 
Per Package) ly =(2.6 uA/kHz) f+ Ipp 
(Cy = 50 pF on ali outputs, all 
buffers switching) 





*Tiow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
#Noise immunity specified for worst-case input combination. . 
Noise Margin for both 1" and “0” jevel = 1.0 Vdc min@ Vpp = 5.0 Vde 
2.0 Vde min@ Vopp = 10 Vdc. 
: : 2.5 Vde min @ Vpp = 15 Vde 
tTo calculate total supply current at loads other than 50 pF: 
IT ICL) = 17150 pF) + 1.2 x 10-3 (C_ -50) Vppf 
where: I is in wA (per package), C,_ in pF, Vpp in Vde, and f in’ kHz is input frequency. 
**The formulas given are for the typical characteristics only at 25°C. 
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SWITCHING CHARACTERISTICS* (c, = 50 pF, Ta =25°C) 






Characteristic 


Output Rise Time 
tp = (3.0 ns/pF) CL +30 ns 
tr = (1.5 ns/pF) Cy + 15 ns 

tr = (1.1. ns/pF) Cy + 10 ns 

Output Fall Time’ 

te = (1.5 ns/pF) Cy + 25 ns 

tp = (0.75 ns/pF) CL + 12.5 ns 

t¢ = (0.55 ns/pF) C_ + 9.5 ns 


Propagation Delay Time: 
Clock to Out 
tei H.tepHL = (1.7 ns/pF) CL + 115 ns 
tpLH-tPHL = (0.66 ns/pF) CL + 67 ns 
tpLH-tPHL = (0.5 ns/pF) Cy + 45 ns 
Clock to Out 
 tpLe tPHL = (1.7 ns/pF) Cy + 40 ns 
tpLH-tPHL = (0.66 ns/pF) Cy + 32 ns 
tpLH-tPHL = (0.5 ns/pF) Cy + 20 ns 











































Clock to Egut 
tPpLH-tPHL = (1.7 ns/pF) CL + 210 ns 
tpLH-tPHL = (0.66 ns/pF) Cy +97 ns 
tpLH-tPHL = (0.5 ns/pF) Cy + 60 ns 
Clock to “9’’ : 
tPLH.tPHL = (1.7 ns/pF) Cy + 315 ns 
tpLH-tPHt = (0.66 ns/pF) Cy + 122 ns 
tpLHtPHL = (0.5 ns/pF) CL + 85 ns 
Set or Clear to Out 
tpHL = (1.7 ns/pF) CL + 295 ns 
tpHL = (0.66 ns/pF) CL + 132 ns 
tpH = (0.5 ns/pF) Cy + 85 ns 


Cascade to Out a 
tpHt = (1.7 ns/pF) CL + 40 ns 
tpHL = (0.66 ns/pF) Cy. + 32 ns. 
teHL = (0.5 ns/pF) Cy + 20 ns 
Strobe to Out 
tpi = (1.7 ns/pF) Cy + 145 ns ° 
tpHe = (0.66 ns/pF) CL + 72 ns 
tpHi = (0.5 ns/pF) Cy + 45 ns 


Minimum Clock Pulse Width 





Maximum Clock Pulse Frequency 


Maximum Clock Pulse Rise and Fall Time - 





Minimum Set or Clear Pulse Width 


\ 


Set Removal Time 


Enable In Setup Time 


*The formula given is for the typical characteristics only. 


- 
a] 
= 
oa 










Symbol 


Typ AL CL/cP 
All Types | Device | Device 
180 350 400 
90 150 200 
65 110. 160 
100 175 |° 200. 
50 75 100 
37 55 80 
70 
5 
5 


200 300 500 
100 150 250 
120 175 


- AL CL/cP 
Device | Device 


tPHL, 


Co 
< 
~~ = a 


tPLH. 
PHL 


190 

100 

70 
29 500 900 
130 200 325 
z:) 150 230 
400 600 1000 
155 250 400 
110 200 300 


380 |. -700 | 1000 
165 300 400 
110 230 300 


190 
100 
70 
230 350 700 
105 160 265 
7 120 190 
A 


tPLH. 
PHL 


tPLH. 
tPHL 


PHL 


'PLH 








i > 
Uv 
r 
= 


‘0 
250 340 500 
110 170 200 
“80. 130 150 
2.0 
4.5 
6.0 


80 180 240 
35. 70 100- 
30 55 75 
400 
150 | 


120 


PRF 


PWs 
PWelear 






a = CI as 2 Miaw = oO ras) 
asa lsee|see|eeg|ses saelsse aes [aes [see [eee ees | 
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FIGURE 1 — TEST CIRCUIT AND TIMING DIAGRAM 





012345678901234 
Clock 


Qa 
Qb 
Qc 
Qd 
R1 


R2 
Multiplier 
Preset No. R3 
R4 


Output (Pin 6) 
A Enabled 


B Enabled 
C Enabled 


D Enabled 


‘ 


Eout 


Output (Pin 6) 
(Preset No. of 1) 


(Preset No. of 2). 
(Preset No. of 3) 


Programmable (Preset No. of 4) 
r 


Pulse : 
Generator (Preset No. of 5) 


(Preset No. of 6) aaa Ann nu : 


(Preset No. of 8) nn nny AA 


(Preset No. of 9) ALU ul 


20 ns 20 ns 
tr tf 


90% , 
Clock ees 50% 
Set : 


trem 


Enable In 
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FIGURE 3 — POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 





600 0.01 uF 


pF ‘ Ceramic 


Pulse, 
Generator 


Variable Width 


50% Duty Cycle 


Enable In BA Strobe Cascade 
109 012 


Vop = Pin 16 
Vgg = Pins 


07 Enable Out 


. Clear 013 . Set to Nine 04 
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MC14527B 


FIGURE 4 — TWO MC14527Bs IN CASCADE WITH PRESET NO. of 94 


Most Significant Least Significant 
Digit . Digit 


Note: More than two MC145278s 
may be cascaded using this 
configuration. 


0%1234567839012345' 67890 
Clock 


Out - 
oem @ JUUUUUU UU LIU UU UU UU UY 


-One-of four output pulses contributed by DRM @) to 
output for every 100 clock pulses in for preset No. of 94. 





Circuit diagrams utilizing Motorola products are included asa means is believed to be entirely reliable. However, no responsibility is 
of illustrating typical semiconductor applications; consequently, assumed for inaccuracies. Furthermore, such information does not 


complete information sufficient for construction purposes is not convey to the purchaser of the semiconductor devices described any 
necessarily given. The information has been carefully checked and license under the patent rights of Motorola ‘ nc. or others. 
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McMOS MSI 


(LOW-POWER COMPLEMENTARY MOS) 


DUAL MONOSTABLE MULTIVIBRATOR 


The MC14528B is a dual, retriggerable, resettable monostable 
multivibrator. It may be triggered from either edge of an input pulse, 
and will produce an accurate output pulse over a wide range of 
widths, the duration and accuracy of which are determined by the 
external timing components, Cx and Rx. 














DUAL 
RETRIGGERABLE/RESETTABLE 
MONOSTABLE MULTIVIBRATOR 
Separate Reset Available 
Quiescent Current = 5.0 nA/package typical @ 5 Vdc 
Diode Protection on Ail Inputs ; 
-Triggerable from Leading or Trailing Edge Pulse 
Supply Voltage Range = 3.0 Vdc to 18 Vde 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range — ; : 


1 


tL SUFFIX . P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 


CASE 620 : CASE 648 





ORDERING INFORMATION 
MAXIMUM RATINGS (Voltages referenced to Vss) 


DC Supply Voltage -0.5 to +18 
. -0.5 to Vpp + 0.5 
| 





MC14XXXB _ Suffix Denotes 


L Ceramic Package 
5 Plastic Package 


Extended Operating 
Temperature Range 
Limited Operating 

Temperature Range 


Operating Temperature Range — AL Device -55 to +125 
CL/CP Device ~40 to +85 


Storage Temperaturé Range -65 to +150 


LOGIC DIAGRAM 


(1/2 of Device Shown) BLOCK DIAGRAM 


Rx and Cx are external components. 


“Vop = Pin 16 
_ Vgg = Pin8 


Note: Externally ground pins 1 and 15 to pin 8. © 
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MC14528B 
ELECTRICAL CHARACTERISTICS 


Vpp 

Characteristic ies Vde 

Output Voltage “0” Level 5.0 
Vin = Vpp or 0 10 


“1 Level 
=OorVpp 


yo 
setae PE rt 


Input Voltage# “0” Level 
(Vo = 4.5 or 0.5 Vdc) 
(Vg = 9.0 or 1.0 Vdc) 
(Vo = 13.5 or 1.5 Vde) 


(Von = 9.5 Vdc) 
(Von = 13.5 Vac) 


(Vo_ = 0.4 Vde) Sink 


“1 Level 
(Vo = 0.5 or 4.5 Vde) 
(Vo = 1.0 or 9.0 Vde) 
{Vo = 1.5 or 13.5 Vde) 

Output Drive Current (AL Device) 
(VOH = 2.5 Vde) Source 
(VOoH = 4.6 Vdc) 

(VoL = 0.5 Vde) 
(VoL = 1.5 Vde) 

Output Drive Current (CL/CP Device) 
(VoH = 2.5 Vde} - Source 
(Von = 4.6 Vdc} 

(VoH 7.9.5 Vde) 
(Vou = 13.5 Vde) . 
| Wot = 0.4 Vde) 0.36 


0.9 
2.4 


rO7 | — | #10] wade | 
Se EE 


(VoL = 0.5 Vde) 
(Vo- = 1.5 Vde) 


input Current (AL Device) tin | 
Input Current (CL/CP Device) a 


Input Capacitance 
(Vin = 0) 

Quiescent Current (AL Device) 
(Per Package) 


Quiescent Current (CL/CP Device) 
(Per Package) 


a2 Te 2 a 
AVoITcCo a 





**Total Supply Current at an external 
load Capacitance (C_) and at 
external timing capacitance (Cx), 
use the formula — 


IT(CL, Cx) = [Cy +0 Wet + 2x10~8 RxCx(Vpp-2)24] x 10-3 
where: I in uA (per circuit), Cy and Cx in pF, Rx in megohms, 
Vopi in Vdc, f in kHz is input frequency. 





*Tlow = -55°C for AL Device, -40°C for CLICP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
#Noise immunity specified for worst-case input combination. 


Noise Margin for both 1" and “0” level = 1.0 Vdc min@ Vpp = 5.0 Vde 
2.0 Vde min@ Vop = 10 Vde 
2.5 Vde min@ Vpp = 15 Vde 


**The formulas given are for the typical characteristics only at 25°C. 
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SWITCHING CHARACTERISTICS** (c, = 50 pF, Ty =.25°C) 


Rx: Vop a 
Characteristic kQ Vde |All Tyee Device | Unit 
Output Rise Time 
ty = (3.0 ns/pF) Cy + 30 ns hs ; 
ty = (1.5 ns/pF) CL +.15.ns 166 a 
tp = (1.1 ns/pF) CL + 10ns 110 160 
Output Fal! Time 
fe (1.5 ns/pF) Ci + 25 ns 200 
= (0.75 ns/pF) CL + 12.5 ns 400 
He (0.55 ns/pF) CL +9.5 ns 80 


Turn-Off, Turn-On Delay Time — A or B toO or O 
teLH. tPHL = (1.7 ns/pF) CL +240 ns 700 
tpLH, tpHL = (0.66 ns/pF) C, +87 ns 
tpLH. tPpHL = (0.5 ns/pF) C, +65 ns 


Turn-Off, Turn-On Delay Time — A or B toQ or 
tepLH, tPHL = (1.7 ns/pF) CL + 620 ns 
tpLH. tPHL = (0.66 ns/pF) C_ +257 ns 
tpLH, tPHL = (0.5 ns/pF) Cy + 185 ns 


Minimum Input Pulse Width — A or B 


Output Pulse Width — Q or © 
(For Cx < 0.01 uF use graph for appropriate Vpp level.) 


‘Output Pulse Width — Q or O 10,000 +10 +15 
(For Cx > 0.01 uF use formula: =o £25 +40 
PWout = 0.2 Rx Cx Ln [Vpp—Vsgl)t be — +40 

Pulse Width Match between Circuits in the same package. t1-t2 | 10,000 25 
35 
5 35 


Reset Propagation Delay — Cp to Qor G 490 600 


Minimum Retrigger Time 


ee a gle agp ee ee 
femal timing ——SCSCSC—“‘s*~S*st*idCS CYT | YT dd 
[External Timing Capacnce———SSSCSC*S Sd Nis 


**The formula given is for the typical characteristics only. 
TR» is in Ohms, Cx is in farads, Vpp and Vgg in volts, PWoy¢ in seconds. 
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MC 14528B . 


FIGURE 1 ~ OUTPUT SOURCE CURRENT TEST CIRCUIT FIGURE 2 — OUTPUT SINK CURRENT TEST CIRCUIT 





10% 


Duty Cycie = 50% 


tepLH tPHL. tr tf, 
PWout: PWin 


tPLH tPHL trot, 
T1°7200«T2° TH" PWout PWin 


Pulse ca 


Generator 
8B 


Pulse. 


enerator : 
G *Includes capacitance of probes, 


wiring, and fixture parasitic. 


NOTE: AC test waveforms 
for PG1, PG2, and PG3 on 
next page. 


Pulse 
Generator 
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FIGURE 5 — AC TEST WAVEFORMS 





PULSE WIDTH versus Cx 


FIGURE 7 — 


FIGURE 6 — NORMALIZED PULSE WIDTH 


versus TEMPERATURE 





ANN it 
ZY TN 

















HLOIM 3S1Nd G3ZIVWYON 





Ta; AMBIENT TEMPERATURE (°C) 


Cx, EXTERNAL CAPACITANCE (pF) 
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DUAL 4-CHANNEL ANALOG DATA SELECTOR 


The MC14529 analog data selector is a dual 4-channel or single 
8-channel device depending on the input coding. The device is suit- 
able for digital as well as analog application, including various one- 
of-four and one-of-eight data selector functions. Since the device has 
bidirectional analog characteristics it can also be used as a dual 
binary to 1-of-4 or a binary to 1-of-8 decoder. 


@ Data Paths Are Bidirectional 

@ Quiescent Current = 1.0 nA/package typical @ 5.0 Vdc 
®@ 10-MHz Operation (typical) 

@ .3-State Outputs 

@ Linear “On” Resistance 

@ “On” Resistance 120 Ohms typical @ 15 V 

@ Low Noise ~ 12 nV// Cycle, f > 1 kHz typical 

© Supply Voltage Range = 3.0 Vdc to 18 Vde 

e 


Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range 





MAXIMUM RATINGS (Voltages referenced to Vss) 
DC Supply Voltage 
Input Voltage, All Inputs Vde 
DC Current Drain per Pin . re a a Cs 
; CL/CP Device -40 to +85 


Storage Temperature Range 

















a 
4+ 
x 


Dual 4-Channel Mode — 
2 Outputs 


Single 8-Channel Mode 
1 Output 
(Z and W tied together) 


nv 
oooo a 
< 


as 
Impedance 


¢ = Don't Care 


This device contains circuitry to protect the control inputs against damage due to 
high static voltages or electric fieids; however, it isadvised that norma! precautions 
be taken to avoid application of any voitage higher than maximum rated voltages 
to this high-impedance circuit. A destructive high-current mode may occur if Vin 
or Vout is not constrained to the range Vsg SVjn Or Vout SVpp- 
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MC14529B 


McMOS MSI 


(LOW-POWER COMPLEMENTARY MOS) 


DUAL 4-CHANNEL ANALOG 
DATA SELECTOR 
OR 
8-CHANNEL ANALOG 
DATA SELECTOR 


L SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 


CASE 620 CASE 648 
ORDERING INFORMATION « 


Suffix Oenotes 


MC14XXXB , 
E; Ceramic Package 
Plastic Package 
Extended Operating 
Temperature Range 


Limited Operating 
Temperature Range 





BLOCK DIAGRAM | 


3-State Output Enable 
Strobe X 10 


14 
13 
12 
11 


Strobe Y 15 


Vop = Pin 16 
Vgs=Pin 8. 





ELECTRICAL CHARACTERISTICS 





Characteristic 
Output Voltage ‘0’ Level 


“1” Level 


Vin = 0or Vpop 


Noise immunity 
~ Vout < 10 wAde) 


(lout = 10 wAdc) 


Input Current 
(AL. Device) Contro! 


Input Current (CL/CP 
Device) Control 
Input Capacitance 
(Vin = 0) 
Control 
Switch Input 
Switch Output 
. Feed Through 


Quiescent Current (AL. 
Device) (Per Package) 


Quiescent Current (CL/CP 
Device) (Per Package) 


“ON" Resistance — 
(AL Device) 
(Vo = Vpp. RL = 10 kQ) 

(Vin = +5.0 Vde) 
(Vin = -5.0 Vde) 
(Vin = £0.25 Vdc) 
(Vin = +7.5 Vde) 
(Vin = -7.5 Vde) 
(Vin = £0.25 Vdc) 
(Vin = +10 Vde) - 
(Vin = +0.25 Vdc) 
(Vin = +5.6 Vde) 
(Vig = +15 Vde) 
(Vin = +0.25 Vdc) 
(Vin = +9.3 Vde) 
“ON” Resistance (CL/CP 
Device) 
(Vo= Vop. Ry = 10 k2) 
- (Vin = +5.0 Vde) 
(Vin = -5.0 Vdc) 
(Vin = +.0.25.Vde} 
"(Vin = +7.5 Vde) 
(Vin = -7.5 Vde) . 
(Vin = £0.25 Vdc) 
(Vin = +10 Vde) 
(Vin = +0.25 Vde) 
(Vin = +5.6 Vde) 
(Vin = +15 Vde) . 
(Vin = +0.25 Vde) © 
(Vin = +9.3 Vde) 
"ON" Résistance 
Between any 2 circuits in 
a@common package 
(Vin = +5,0 Vde) 
(Vin = £7.5 Vde) 






= -75 
*Tlow = -55°C for AL Device, -40°C for CL/CP Device. Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
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MC14529B — 
SWITCHING CHARACTERISTICS (Tq = 25°C) 


we | some 
Vin tO Vout Propagation Delay Time teLH tPHL 


(Cy = 50 pF, RL =1.0k2) 
Rout = 10 k2) 
Maximum Control Input 

Pulse Frequency 

(Cy = 50 pF, R_ =1.0k2) 


Noise Voltage nVv//Cycle 
oe 
15 
5.0 
10 
15 


(f = 100 Hz) 
+0.001 - 


+0.0015 
+0.0015 



















Propagation Delay Time, Control to 
Output, Vin = Vpp or Vsg 

(Vin < 10 Vde, Cy = 50 pF, 

Ry =1.0k2 ) 


Crosstalk, Control to Output 































(f= 100 kHz) 





Sine Wave (Distortion) 


(V,, = 1.77 Vde RMS 
Centered @ 0.0 Vdc, 
Ry, = 10 kQ, f = 1.0 kHz) 


Input/Output Leakage Current 





















(Vin = #8.0 Vde, Vout = -5.0 Vac) 
(Vin = 6.0 Vdc, Vout = +5.0 Vdc) 

(Vin = +7.5 Vde, Vout = -7.5 Vde) 
(Vin = -7.5 Vde, Vout = +7.5 Vde) 


Insertion Loss 
(Vin = 1.77 Vde 

RMS centered @ 0.0 Vde, 
f = 1.0 MHz, 























Noss = 20 Logi9 Vout 


in 
(Ry = 1.0 ko) 


(RL = 10 k2) 
(Ry = 100 kQ) 
(RL = 1.0MQ) 
Bandwidth (-3 dB) 
( Vin = 1.77 Vde 
RMS centered @ 0.0 Vdc). 
(Ry = 1.0 ka) 
(Ry = 10k2) 
(Ry = 100 kQ) 
(Ry = 1.0 MQ) 
Feedthrough and Crosstalk 
(20 Logyg Vout - -50 dB) 
Vin 


“(Ry = 1.0 k9) 
(Ry = 10k) 
(Ry = 100 k2) 
(RyL.= 1.0 MQ) 
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FIGURE 1 - OUTPUT VOLTAGE ; FIGURE 2 — NOISE {MMUNITY 
TEST CIRCUIT ; : TEST CIRCUIT 


VNL = VN when [sg = 10 HA 
VNH = Vop -VN when Ig = 10 KA 
Pins 2,3,4,12,13 and 14 are left open. 





; : 4 | 
FIGURE 3 — QUIESCENT POWER DISSIPATION FIGURE 4 — Ron CHARACTERISTICS 
TEST CIRCUIT : , TEST CIRCUIT 


STx =STy = Vop 


Pulse 
Generator 


Pp = Vpp*!p 
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MC14529B 2 x 


FIGURE 7 ~ PROPAGATION DELAY TEST CIRCUIT © FIGURE 8 — TURN-ON DELAY TIME TEST CIRCUIT 
AND WAVEFORMS AND WAVEFORMS 





FIGURE 9 — CROSSTALK TEST CIRCUIT ; .FIGURE 10 — FREQUENCY RESPONSE TEST CIRCUIT 


x,Y 
VFeedthrough !nput 





————- +2.5 vac 
vn lL \ 5-00 Vde 
——2.5 Vac %-¥ Input 





FIGURE 11 — NOISE VOLTAGE TEST CIRCUIT FIGURE 12 — TYPICAL NOISE CHARACTERISTICS 
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FIGURE 13 — TYPICAL INSERTION LOSS/BANDWIDTH 
CHARACTERISTICS 
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LOGIC DIAGRAM 


Voop= Pin 16 
Vss = Pin 8 
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DUAL 5-INPUT MAJORITY LOGIC GATE 


The MC14530B dual five-input majority logic gate is constructed 
with P-channel and N-channel enhancement mode devices in a single 
monolithic structure. Combinational and sequential logic expressions 
are easily implemented with the majority logic gate, often resulting 
in fewer components than obtainable with the more basic gates. This 
device can also provide numerous logic functions by using the W and 
some of the logic (A thru E) inputs as control inputs. 


Single Supply Operation — Positive or Negative 
Quiescent Current = 0.5 nA/package typical. @ 5 Vde 
Input Impedance = 1012 ohms typical 

High Fanout > 50° 

Diode Protection on Inputs 

Noise Immunity = 45% of Vpp typical 

Supply Voltage Range = 3.0 Vdc to 18 Vde 


Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
‘ature Range 


MAXIMUM RATINGS (Voitages referenced to. Vgg) 
Pa pt | mace | 
Operating Temperature Range — AL Device 


Ta, -55 to +125 % 
CL/CP Device ~40 to +85 
Storage. Temperature Range ~65 to +150 






DC Supply Voltage 






Input.Voltage, All Inputs 





OC Current Drain per Pin 


S 
5 






LOGIC TABLE 


INPUTS ABCODE 
For all combinations of inputs where three 
or more inputs are logical ‘’0’’. 


For all combinations of inputs where three 
or more inputs are logical ‘’1"’. 


This device contains circuitry to protect the inputs against damage due to high 
static voltages or electric fields; however, it is advised that normal precautions be 
taken to avoid application of any voltage higher than maximum rated voltages to 
this high-impedance circuit. For proper operation, it is recommended: that Vin 

_ and Vout be constrained to the range Vg < (Vin or Vout) < VDD- 
Unused inputs must be tied to an appropriate logic level (e.g., Vsg or Vpp). 


Pr AAN 





MC14530B 


McMOS SSI 


(LOW-POWER COMPLEMENTARY MOS) 


DUAL 5-INPUT MAJORITY 
LOGIC GATE 


L SUFFIX P SUFFIX 
CERAMIC PACKAGE “PLASTIC PACKAGE 
CASE 620 CASE 648 
ORDERING INFORMATION 


Suffix Denotes 


te L Ceramic Package 
P Plastic Package 
A Extended Operating 
Temperature Range 
C Limited Operating 


Temperature Range 


MC14XXXB 





BLOCK DIAGRAM 


* Z=Ms © w= (ABC+ABD+ABE+ ACD+ 
ACE+ADE+BCD+BCE+ 
BDE+CDE)OW 


*Msg is a logical ‘’1" if any three or more 
inputs are logical ‘’1’’. 


© = Exclusive NOR = Exclusive OR 


TRUTH TABLE 


Vop = Pin 16 
Vss = Pin 8 





MC14530B a | | . 
ELECTRICAL CHARACTERISTICS 


Voo [__Tiow’ ff 28°C Thigh 
ee ee 


Output Voltage . "9" Covel 
Vin = Vpp or 0 


"4" Level 


Vin 7 Qor Vop 


Input Voltage “0” Level 
(Vo = 3.5 or 1.5 Vdc) 
(Vo = 7.0 or 3.0 Vde) 
(Vg = 10,5 or 4.5 Vde) 
“1 Level 
(Vo = 1.5 or 3.5 Vde) 
(Vo = 3.0 or 7.0 Vdc} 
(Vo = 4.5 or 10.5 Vdc) 

Output Drive Current (AL Device) 
(VoH = 2.5 Vdch Source 
(VOH = 4.6 Vdc} 

(VOH = 9.5 Vde) 
(Von = 13.5 Vde) 
(VOL = 0.4 Vde) 
(Vo- = 0.5 Vde) 
(VoL = 1.5 Vde) 

Output Drive Current (CL/CP Device) 
(VOH = 2.5 Vde) Source 
(VQH = 4.6 Vdc) 

{Von = 9.5 Vde) 

(Vou = 13.5 Vde) ; 
(VoL = 0.4 Vde) Sink 
(VOL = 0.5 Vde) 

(VoL = 1.5 Vde) 


input Current (AL Device] [Tp] 16] [soa | —_[ooooor[ 20; - | 21.0] mace 
eee LG WR SF a CE 


Input Capacitance 7.5 
(Vin = 0) 
Quiescent Current (AL Device) 0.25 
(Per Package) . . 
1 . 


Quiescent Current (CL/CP Device) 
(Per Package) 


Total Supply Current**t Iz = (0.75 BA/kH2) f + lop 
(Dynamic plus Quiescent, ' I = (1.50 nA/kHz) f + IppD 


Per Package) iy = (2.25 wA/kHz2) f + !DD 
(Cy = 50 pF on all outputs, all 


buffers switching) 





*Tlow = -55°C for AL. Device, -40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 


#Noise immunity ‘specified for worst-case input combination. Standard family noise ‘margin 
specification is met for any one input tested at a time. 


tTo calculate total supply current at _— other than 50 pF: 
it(C_) = (50 pF) + 2 X 10°3 (CL 60) Vopf 
where: I is in wA (per package), Cy in pF, Vpp in Vdc, and fin kHz is input frequancy. 
one formulas given are for the typical characteristics only at 25°C. 


@) MOTOROLA Semiconductor Products Inc. 
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SWITCHING CHARACTERISTICS* (c, = 50 pF, Ta = 25°C) 
Typ 


Output Rise Time : ; tr : 
te = (3.0 ns/pF) Cr + 30 nis 180 350 400 
. tp = (1.6 ns/pF) CL + 16 ns ; : ; 90 150 200 
_ tp = (1.1 ns/pF) Ce + 10 ns 65 110 160 
Output Fall Time : 
175 200 
75 100 
55 " g0 






































te = (1.5 ns/pF) Cy +25 ns 
t¢ = (0.75 ns/pF) C_ +12.5 ns © 
te = (0.55 ns/pF) C, +9.5 ns 
Propagation Delay Time 
A, C, W = Vop: 8, E = Gnd; D = Pulse Generator 
- tPLH =(1.7 as/pF) Cy + 290 ns 
tPLH = (0.66 ns/pF) CL + 127 ns 
tPLH = (0.5 ns/pF) C_ + 85 ns 
tpHy = (1.7 ns/pF) Cy + 345 ns 
tpy = (0.66 ns/pF) C_ + 162 ns 
tp. = (0.5 ns/pF) C_ +95 ns 
A,B, C, D, E = Pulse Generator; W = Vop 
tPLH * (1,7 ns/pF) Cy + 170 ns 
tPLH = (0.66 ns/pF) C_ + 87 ns 
tPLH = (0.5 ns/pF) Cy + 60 ns 
tpHL = (1.7 ns/pF) CL +195 ns 
tpHL = (0.66 ns/pF) C_ +92 ns 
tery = (0.5 ns/pF) CL + 75 ns 
A,B, C, D, E = Gnd; W = Pulse Generator 
tPHL. tPLH = (1.7 ns/pF) Cy + 145 ns 
tPHL. tPLH = (0.66 ns/pF) Cy + 72 ns 
tPHL. tPLH = (0.5 ns/pF) Cy +50 ns 











*The formula given is for the typical characteristics only. © 


FIGURE 1 — POWER DISSIPATION TEST 
CIRCUIT AND WAVEFORM 


20.ns 20 ns 


50% 
Vin Outy 
Cycle 
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COINCIDENT FLIP-FLOP 


SEQUENTIAL LOGIC APPLICATIONS 


A flip-flop that will change only when both inputs agree. 


ASTABLE MULTIVIBRATOR 


++++0000]% 


+-00--00/<| 





Circuit diagrams utilizing Motorola products are included as a means 
of illustrating typical semiconductor applications; consequently, 


complete information sufficient for construction purposes is not 
necessarily given. The information has been carefully checked and 


A flip-flop with three output conditions, where the third state is 
in oscillation between 1’ and 0". The period of oscillation 


is twice the delay of the gate and the feedback element. 


The flip-flop changes state only when all ‘1's’ or al! ‘O's’ are 
entered. This configuration may be extended by cascading Ms 
gates to cover n-inputs where all inputs must be ‘’1's’ or “0's” 
before the output will change. As an example, this configuration 
is useful for controlling an n-stage up/down counter that is to cycle 
from a minimum to maximum count and back again without 
flipping over (from all ‘1's to all ’0’s’’.) . 


is believed to be entirety reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not 
convey to the purchaser of the semiconductor devices described any 
license under the patent rights of Motorola Inc. or gthers. : 
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BASIC COMBINATIONAL FUNCTIONS , 5-INPUT MAJORITY LOGIC GATE APPLICATIONS 


1 w Each package labeled Ms, is a single majority togic gate 
, using five inputs, A thru E, and one output Z. 
B 
c 
E 1. Majority Logic Gate Array 


yielding the symetric function 
of 1 thru 7 variables true, out 
of 7 input variables (X1... X7) 





(e.g., if any two-input variables 
are true (logical ‘’1''), Z1 and 
Z2 are true (logical ‘1'’). 





27 





3-Input Majority Gates 


Ww 
1 
\ 2 
; ) > 
. OR3 


3-input OR Gate . 8-tnput NOR Gate 


26 





w 





3-Input AND Gate 3-input NAND Gate 


DOUBLING THE WEIGHT OF INPUT VARIABLE A 
w ' BY TYING IT TO ANY TWO INPUTS 


(AB+AC+AD+BCD)@ W 





w ’ CORRELATION OF MULTIPLE SAMPLES 
To: WITH A TEST BIT 


Correlation of 60%, 80%, 100% 


The gate will have a ‘'1"’ output 

if the test bit To matches or cor- 
relates with 3, 4 or § of the sampie 
bits SO-S4. 


Correlation of 75%, 100%. 


x1 x3 
Correlation of 100% x2 x4 X5 x6 X7 
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12-BIT PARITY TREE 


The MC14531B 12-bit parity tree is constructed with MOS P- 
channel and N-channel enhancement mode devices in a single mono- 
lithic structure. The circuit consists of 12 data-bit inputs (DO thru 
D11), and even or odd parity selection input (W) and an output (Q). 
The parity selection input can be considered as an additional bit. 
Words of less than 13 bits can generate an even or odd parity output 
if the remaining inputs are selected to contain an even or odd num- 


ber of ones, respectively. Words of greater than 12-bits can be ac- 
‘commodated by cascading other MC14531B devices by using the W 
input. Applications include checking or including a redundant (par- 
ity) bit to a word for error detection/correction systems, controller 
for remote digital sensors or switches (digital event detection/cor- 
rection), or as a multiple input summer without carries. 
@ Noise Immunity = 45% of Vpp typical 

@ Supply Voltage Range = 3.0 Vdc to 18 Vdc 

® All Outputs Buffered 
e 


Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range 


Quiescent Current — 5.0 nA/package typical @ 5 Vde 
Variable Word Length 
Diode Protection on All Inputs 


MAXIMUM RATINGS (Voltages referenced to Vss) 


=o 
DC Supply Voltage , -0.5 to +18 
Input Voltage, All Inputs ’ -0.5 to Vpp + 0.5 


DC Current Drain per Pin 

















-55 to +125 
. -40 to +85 


-65 to +150 


Operating Temperature Range — AL Device 
CL/CP Device 


Storage Temperature Range 





LOGIC DIAGRAM 


po 
01 
_p2 
D3 
p4 
DS 
D6 
D7 
D8 . 
o9 
010 


s - 
011 ; Vpp = Pin 16 
Odd/Even w Vgs = Pin8 


a=00@p1@029....@o01 @w 
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| Unit_| 
rf 10 | mace 











DECIMAL 
(OCTAL) 
EQUIVALENT 


8188 (17774) 
8189 (17775) 5 
8190 (17776) 
8191 (17777) 


*O = Even Parity 
1 = Odd Parity 


 MC14531B 


McMOS MSI 


(LOW-POWER COMPLEMENTARY MOS) 


12-BIT PARITY TREE 


L SUFFIX 
CERAMIC PACKAGE 


CASE 620 


P SUFFIX 
PLASTIC PACKAGE © 


CASE 648 


ORDERING INFORMATION 


MC14XXXB Suffix’ Denotes 


te L Ceramic Package 
P Plastic Package 
A Extended Operating 
Temperature Range 


C Limited Operating 
Temperature Range 







TRUTH TABLE 





INPUTS 


[') [) [’) C') {0) 
0 1 1 (1) 
90 o 2 (2) 
o i 3. (3) 


e000 





eceefece 


Sas 4 

eee 5 (5) 
6 
7 


rr) B184 (17770) ry) 
8185 (17771) | 1 

8186 (17772) 1 
‘ 8187 (17773) ° 





oooo 






ooo 


Note: May redefine to suit application by 
manipulating W and/or other available D’s. 
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ELECTRICAL CHARACTERISTICS 


Characteristic 


Output Voltage “0” Level 
Vin = Vop or 0 


“1 Level 
Vin = O0r Vpop 


Input Voltage* “0” Level 
(Vg = 4.5 or 0.5 Vde) 
(Vo = 9.0 or 1.0 Vde) 
(Vo = 13.5 or 1.5 Vde) 

: “1” Level 
(Vo = 0.5 or 4.5 Vde) 
(Vo = 1.0 or 9.0 Vdc) 
(VO = 1.5 or 13.5 Vde) 

Output Drive Current (AL Device) 
(VQOH = 2.5 Vdc) Source 
(Von = 4.6 Vdc) 

(VOH = 9.5 Vde). 

(VoH = 13.5 Vde) 

(VOL = 0.4 Vde) Sink 
(Voy = 05 Vdc) 

(VoL = 1.5 Vde) 


Output Drive Current (CL/CP Device) 
(VoH = 2.5 Vdc) © = Source 
(VOH = 4.6 Vdc} 
(VOH = 9.5 Vde) 
(VOH = 13.5 Vde) H 
(VoL = 0.4 Vde) Sink. . F 0.88 
(VoL = 0.5 Vdc) ; ; ; 2.25 
(VoL = 1.5 Vde) : : 3 i 8.8 


Input Current (AL Device) 
Input Current (CL/CP Device) 


Input Capacitance 
(Vin = 0) 

Quiescent Current (AL Device) 
(Per Package) 








Quiescent Current (CL/CP Device} 
(Per Package) 


Total. Supply Current* *t ty = (0.25 wA/kHz) f + Ippo 
(Dynamic ptus Quiescent, IT = (0.50 #A/KH2) f + Ipg 
Per Package) © : it = (0.75 HA/kHz) f + Ipp 
(C1, = 50 pF on all outputs, all 
buffers switching) 





“Tow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
Noise immunity specified for worst-case input combination. 
Noise Margin for both “1” and “0” level = 1.0 Vdc min@ Vpp = 5.0 Vdc 
: 2.0 Vdc min@ Vpp = 10 Vde 
: 2.5 Vdc min@ Vpp = 15 Vde 
tTo calculate total supply current at foads other than 50 pF: 
I7(CL} = 1750 pF) + 1 x 10-3 (C,_ -50) Vppf 
where: IT is in «A (per package), Cy_ in pF, Vpp in Vdc, and f in kHz is input frequency. 
“*The formulas given are for the typical characteristics only at 25°C. : 


t 
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SWITCHING CHARACTERISTICS* (Cc, = 50 pF, Ta = 26°C) 


Typ ae 
All Types ence Device 
Output Rise Time 


ty = (3.0 ns/pF) Cy + 30 ns 350 
t, = (1.5 ns/pF) CL + 15 ns 150 
= (1.1 ns/pF) CL +10 ns 110 


Output Falt Time . 
t¢ = (1.5 ns/pF) CL + 25 ns . 175 
ty = (0.75 ns/pF) Cy + 12.5 ns 75 


ty = (0.55 ns/pF) Cy + 9.6 ns : 55 


Propagation Delay Time 
- Data toaQ : 
tPLH. tPpHL = (1.7 ns/pF) Cy + 356 ns 
tPLH. teHtL = (0.66 ns/pF) Cy +142 ns 
tPLH. tpHL = (0.5 ns/pF) Cy + 95 ns 
Odd/Even to Q : 

tPLH. tPHL "(1.7 ns/pF) Cy + 165 ns 
tPLH, tPpHL =(0.66 ns/pF)Cy, + 67 ns 
tPLH. tPHL 7(0.5 ns/pF) CL + 45 ns 


“The formula given is for the typical characteristics only. 





FIGURE 1 — DYNAMIC POWER DISSIPATION 
SIGNAL WAVEFORM 


Signat 
input 





Data Rate (f) 


f in respect to system clock 


FIGURE 2 ~ DYNAMIC SIGNAL WAVEFORMS 


tnput 
(D or W) teLH 


Output 





@) MOTOROLA Semiconductor Products inc. 


5-350 


MOTOROLA 
Semiconductors 


BOX 20912. PHOENIX, ARIZONA 85036 


8-BIT PRIORITY ENCODER 


The MC14532B is constructed with complementary MOS 
(CMOS) enhancement mode devices. The primary function of a pri- 
ority encoder is to provide a binary address for the active input with 
the highest priority. Eight data inputs (DO thru D7) and an enable 
input (Ejn) are provided, Five outputs are available, three are address 
outputs (Q0 thru Q2), one group select (GS) and one enable output 


(Eout). 


Quiescent Current = 5.0 nA/package typical @ 5 Vdc 
Noise immunity = 45% of Vpp typical 

’ Diode Protection on All Inputs 
Low Input Capacitance — 5.0 pF typical 

. Supply Voltage Range = 3.0 Vdc to 18 Vdc 


Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range 





MAXIMUM RATINGS (Voltages referenced to Vss) 


ating ——*dSSbo [—Valve ——i—Uni_] 
DC Current Drain per Pin Pot ft 10 mde | 


Operating Temperature Range — AL Device TA -55 to +125 
CL/CP Device -40 to +85 






















oo0o0};o-xx 
eoocoi~xxKx 


X = Don’t Care 


This device contains circuitry to protect the inputs against damage due to high 
static voltages or electric fields; however, it is advised that normal precautions be 
taken to avoid application of any. voltage higher than maximum rated voltages to 
this high impedance circuit. For proper operation it is recommended that Vip and 


Vout be constrained to the range Vsgs < (Vin or Vout! = Vop.- 
Unused inputs must always be tied to an appropriate logic voltage tevel (e.g., 
either Vss or Vpp). 
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+MC145328 


McMOS MSI 


(LOW-POWER COMPLEMENTARY MOS) 


8-BIT PRIORITY ENCODER 


L SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 


CASE 648 











CASE 620 





ORDERING INFORMATION 


MC14XXXB Suffix Denotes | 


ie L Ceramic Package 
P Plastic Package 
A Extended Operating 
» Temperature Range 


C Limited Operating © 
Temperature Range 









BLOCK DIAGRAM 


Vop = Pin 16 
Vgs =Pin 8 


Output Voltage 
Vin = Vpp or 0 


“1 Level 


=OorVpp 


Input Voltage# “0” Level 
(Vo = 4.5 or 0.5 Vdc) 
(Vo 79.0 0r 1.0 Vde) 
(Vo = 13.5 or 1.5 Vde) 
“1 Level 
(Vo = 0.5 or 4.5 Vdc) 
(Vo = 1.0-0r 9.0 Vde) 
(Vo = 1.5 or 13.5 Vde) 

Output Drive Current (AL Device) 
(VOH = 2.5 Vde) Source 
(VOoH = 4.6 Vdc) 

(VoH = 9.5 Vde) 

(Von = 13.5 Vde) 

(VoL = 0.4 Vdc) Sink 
(VoL = 0.5 Vde) 

(Vo- = 1.5 Vde) 


Output Drive Current (CL/CP Device) 
(VOH = 2.5 Vde) Source 
(VOH = 4.6 Vdc) 

(Von = 9.5 Vde) 

(VoH = 13.5 Vde) 

(Voz = 0.4 Vdc) Sink 
(Vor = 0.5 Vde) 

(Vou = = 1.5 Vde) 


Iiput Curent (aL Devel | Ig 0 rar 


Quiescent Current (AL Device) . 
(Per Package) 
Quiescent Current (CL/CP Device) 
(Per Package) ii 
80 


0.005 
0.010 
0.015 
0.005 
0.010 
0.015 


roi | =] 10] wade | 
input Current (GL/GP Device) | tin | 18 | - | #03 | ~ [0.00001] soa | -[ 1.0 | uace_| 


Input Capacitance Cin 7.5 
(Vin = 9) 


20 
; nts 


Total Supply Current**t | "ip = (1.74 wA/kH2) f + ren 
(Dynamic plus Quiescent, It = (3.65 wA/kH2) f+ Ipp- 
Per Package) ly = (6:73 uA/kHz) f+ IDD 


(C,. = 50 pF on all outputs, all 
buffers switching) 


"Tlow = ~55°C. for AL Device, -40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
aNoise immunity specified for worst-case input combination. 
Noise Margin for both 1" and "0" level = 1.0 Vde min@ Vpp = 5.0 Vde 
2.0 Vde min@ Vpp = 10 Vde 
2.5 Vdemin@Vpp = 15 Vde 
‘tTo saioutate total supply current at scien other than 50 pF: 
Ip(C_) = It(50 pF) + 6 x 10-3 (Cy -50) Vopf 


where: I7 is in wA (per package), C_ in pF, Vpp in Vdc, and f in kHz is input frequency. 


**The formulas given are for the typical characteristics only at 25°C. 


i 
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| 





MC14532B _ | | 


SWITCHING CHARACTERISTICS* (Cc, = 50 pF, Ta = 25°C) 


: ; ; Typ AL fees 
Characteristic Alt Types Device fees 


Output Rise Time a 
tr = (3.0 ns/pF) Cy + 30 ns 4 * 480 
te = (1.5 ns/pF) Cy + 18 ns 90 
tp = (1.1 ns/pF) Cy + 10 ns 


Output Fail Time 
te = (1.5 ns/pF) Cy + 25 ns 
= (0.75 ns/pF) C__ + 12.5 ns 
te = (0.55 ns/pF) C, + 12:5 ns 


Propagation Delay Time — Ejn to Egut 
tPLH. tpHL = (1.7 ns/pF) CL + 25 ns 
tPLH. tpHL = (0.66 ns/pF) C_ + 22 ns 
tPLH- tPHL = (0.5 ns/pF) C_ + 20ns 


Propagation Delay Time — Ejn to GS 
tpLH. tpHL = (1.7 ns/pF) CL + 25 ns 
tPLH. teHL = (0.66 ns/pF) Cy, + 22 ns 
tPLH. tepHL = (0.5 ns/pF) Cy + 20 ns 


Propagation Delay Time — Ejn to Qn 
teLH. tpHe. = (1.7 ns/pF) CL + 85 ns 
tPLH. tpHL = (0.66 ns/pF) Cy + 52 ns 
teLH. tpHL = (0.5 ns/pF) CL + 40 ns 


Propagation Delay Time — D, to Qn 
teLH. tPHL = (1.7 ns/pF) C_ + 135 ns 
teLH. tPpHL = (0.66 ns/pF) C_ + 77 ns 
tPLH. tpHL = (0.5 ns/pF) Cy + G6Ons 


Propagation Delay Time — Dp, to GS 
tPLH. tPHL = (1.7 ns/pF) CL + 85 ns 
tPLH. tpHL = (0.66 ns/pF) CL + 52 ns 
tPLH. tpHL = (0.5 ns/pF) CL + 40 ns 





*The formula given is for the typical characteristics only. 


FIGURE 1 — TYPICAL SINK AND SOURCE 
CURRENT CHARACTERISTICS 


External 
Power 
Supply 


V6s=Vop » Ves = -Vob 
Vos = Vout Vos * Vout -Voo 
Sink Current - Source Current 


Poors 7 [ Fin [BO mos | 07 | Fin] 


Pulse — 
Generator 
(fo) 


oooo$od 
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FIGURE 3 — AC TEST CIRCUIT AND WAVEFORMS 


Programmable 
Pulse 
Generator 
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10% 
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LOGIC DIAGRAM 


(Positive Logic) 
LOGIC EQUATIONS 
Eout = Ein ® DO® D1 © 020030040 D5eD6 e D7 
Q0 = Ej, @ (D1 © D2 © D4 @ D6 + D3 © D4 @ DE + DS © DE + D7) 
Q1 = Ej, © (D2 © D4 © DS + D3 © D4 @ DS + DE + D7) 
10 Qz = Ejn © (D4 + DE + DE + D7) 
DO © 


GS = Ej, ® (D0 + D1 + D2 + D3 + D4 + DS + D6 + D7) 





fe. i {>< a0 
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FIGURE 4 — TWO MC14532B’s CASCADED FOR 4-BIT OUTPUT 


015 014 D13 012 011 010 Os os 


07 O06 D&S D4 DS D2 D1 bBO 07 D6 OS D4 D3 D2 Ot DO 


=m gee 


Eout Ein = 9" 


3/4 MC14071B 





FIGURE 5 — DIGITAL TO ANALOG AND ANALOG TO DIGITAL CONVERTER 


Vop Vss 


Clock 
Input 





DIGITAL TO ANALOG CONVERSION 


The digital eight-bit word to be converted is applied 
to the inputs of the MC14512 with the most significant 
bit at X7 and the least significant bit at XO. A clock in- 
put of up to 2.5 MHz (at Vpp = 10 V) is applied to the 
MC14520B. A compromise between Ipias for . the 
MC1710 and: AR between N and P-channel outputs gives 
a value of R of 33 k ohms. In order to filter out the 
switching frequencies, RC should be about 1.0 ms (if 
R = 33 k ohms, C ~ 0.03 yF). The analog 3.0 dB band-. 
width would then be de to 1.0 kHz. 


1/2 MC14520B8 
Q2 


1/2 MC145208 
Q2 Q3 
















ai ‘Q3 a4 





Digital Input/Output 








DO D1 D203 04 DS 06D7 : 
‘ 8--Bit Word 
to be Converted 





Ein MC 145328 







Voo 





a2 Q1 Qo 








ANALOG TO DIGITAL CONVERSION 


An analog signal is applied to the analog input of the 
MC1710. A digital eight-bit word known to represent a 
digitized level less than the analog input is applied to the 
MC14512 as in the D to A conversion. The’ word is 
incremented at rates sufficient to allow steady state to 
be reached between incrementations (i.e. 3.0 ms). The. 

‘ output of the MC1710 will change when the digital 


AX7 X6 X5 X4 X3 X2X1X0 
MC14512 


Analog 


’ Output 
input represents the first digitized level above the analog | Stop 

. . ‘ aan F Word 

input. This word is the digital representation of the incrementation 


analog word. 


Circuit diagrams utilizing Motorola products are included as a means is believed to be entirely reliable. However, no responsibility is ; 
of illustrating typical semiconductor applications; consequently, assumed for inaccuracies. Furthermore, such information does not 
complete information sufficient for construction purposes is not convey to the purchaser of the semiconductor devices described. any 
necessarily given. The information has been carefully checked and license under the patent rights of Motorola Inc. or others. ’. 
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MOTOROLA 
Semiconductors 


BOX 20912 « PHOENIX, ARIZONA 85036 


— MC14534B 





MicMOS LSI 


(LOW-POWER COMPLEMENTARY MOS) 
REAL TIME 5-DECADE COUNTER | REAL TIME 


5-DECADE COUNTER 


The MC14534B is a complementary MOS circuit composed of 
five decade ripple counters that have their respective outputs time 
multiplexed using an internal scanner. Outputs of each counter are 
selected by the scanner and appear on four BCD pins. The selected 
decade is indicated by a logic high on the appropriate digit select 


pin. Both BCD and digit select outputs have three-state controls pro- 
viding an ‘open-circuit’ when these controls are high and allowing (yl L SUFFIX 
time multiplexing. Cascading may be accomplished by using the CERAMIC PACKAGE 
carry-out pin. The counters and scanner can be independently reset CASE 716 
by applying a high to the counter master reset (MR) and the scanner 
reset (SR). The MC14534B was specifically designed for application 
in real time or event counters where continual updating and multi- ape ed Pee kee 
plexed displays are used. . : (GNSE 700 
Four Operating Modes (See truth table) 
Input Error Detection Circuit 
Clock Conditioning Circuits for Slow Transition Inputs 
Counter Sequences on Positive Transition of Clock A a Ceramic Package 


Supply Voltage Range = 3.0 Vde to 18 Vdc Plastic Package 
Extended Operating. 


Capable of Driving Two Low-power TTL Loads, One Low-power Ferperatire Hangs 


Schottky TTL Load or Two HTL Loads Over the Rated Temper- Limited Operating 
ature Range 4 : ; _ Temperature Range 


ORDERING INFORMATION 
MC14XXXB Suffix Oenotes 





BLOCK DIAGRAM 


To Capacitors 


ro 


23 — ; 
Clock BO Vop= Pin 24 


P 220 O1 
Pulse Pulse “Error ae Out | Vsg = Pin 12 
Clock ram . Detector : 
: 


Hundreds housands Ten 
; Thousands 


+10 Ch+4 


O 
Reset 9 


Scannet 


210 3-State BCD 
. Control 
5 3-State Digit 


O 
Control - 
. 3-State Control 


QorDs 


= 3-State 
High impedance 


Output Buffer Digit Select 





R.267 





MAXIMUM RATINGS (Voltages referenced to Vss) 


[symbol] value] Unit 
Oc 


-55 to +125 


-40 to +85 


-65 to +150 


DC Supply Voltage ; 
Input Voltage, All Inputs 
DC Current Drain per Pin 


] Operating Temperature Range — AL Device 
CL/CP Device ~ 


Storage Temperature Range 





ELECTRICAL CHARACTERISTICS 


/ 
, Characteristic 


Output Voltage “O" Level 
Vin = Vpp or 0 










Vin = Oor Vop 


Input Voltage* 
(Vo = 4.5 or 0.5 Vdc) 
(Vo = 9.0 or 1.0 Vde) 
(Vo = 13.5 or 1.5 Vde) 
(Vo = 0.5 or 4.5 Vde) 
(Vo = 1.0 or 9.0 Vde) 
(VQ = 1.5 or 13.5 Vde) 


Output Drive Current (AL Device) 
(VOH = 2.5 Vde) Source 
(VOH = 4.6 Vde) 

(VQOH = 9.5 Vde) 
(VOH = 13.5 Vde) 


(VoL = 0.4 Vde) 
(VoL = 0.5 Vdc) 
(VoL = 1.5 Vde) 


Output Drive Current (CL/CP Device) 
(VQOH = 2.5 Vdc) Source 
(VQH = 4.6 Vde) 

(VOH = 9.5 Vde) 
(VOH = 13.5 Vde) 
(VoL = 0.4 Vdc) 
(VoL = 0.5 Vde) 
(VoL = 1.5 Vdc) 


Output Drive Current — Pins 1 and 22 
(AL Device) 
(VOH = 2.5 Vdc) 
(VoH = 9.5 Vdc) 

“(VOH = 13.5 Vde) 
(VoL = 0.4 Vdc) 
(Vo = 0.5 Vdc) 

» (Voz = 1.5 Vde) 


Output Drive Current — Pins 1 and 22 
(CL/CP Device) 
(Von = 2.5 Vdc) 
(VoH = 9.5 Vde) 
(VOH = 13.5 Vdc) 
(VoL = 0.4 Vde) 
(VoL = 0.5 Vde) 
(VoL = 1.5 Vde) 


“0” Level 


4" Level 


Sink 


Source 


Sink 


Source 


Sink 


Input Capacitance 
(Vin= 0)" 


*Tlow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C. for CL/CP Device. 


This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however,: it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
.impedance circuit. For proper operation it 
is recommended that Vin and Voyr be 
constrained to the range Vss < (Vin or 
Vout) <Vop.- 
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 


Vsg or Vpp). 


0.02 
0.05 
1.35 


#Noise immunity specified for worst-case input combination. 
Noise Margin for both ‘1°’ and “0” level = 1.0 Vde min@ Vpp =5:0 Vdc 


2.0 Vde min@ Vpp = 10 Vde 
2.5 Vde min @ Vop = 15 Vde 
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Quiescent Current (AL Device) 
(Per Package) 


Quiescent Current (CL/CP Device) 
(Per Package) 


Total Supply Current**t I = (0.5 wA/kHz) f + Ip 
(Dynamic plus Quiescent, IT = (1.0 BA/kH2) f+ Ipp Scan Oscillator 
_ Per Package) It = (1.5 HA/kHz) f + Ipp Frequency = 1 kHz 
(C,__ = 50 pF on all outputs, all i 
buffers switching) 
Three-State Leakage Current 
(AL Device) 


Three-State Leakage Current 
(CL/CP Device) 


tTo calculate total supply current at loads other than 50 pF: **The formulas given are for the typical characteristics only at 25°C. 
tpiC,_) = 17 (50 pF) + 1x 10-3 (CL -50) Vppf where: If is in uA (per package), Cy in pF, Vpp in Vde, and f in kHz is input frequency. 


SWITCHING CHARACTERISTICS* (c, = 50 pF, Ta = 25°C) 
ieee pa eee 
Typ 
All Types 


AL CL/CP 
Device | Device 
Output Rise Time tr 

ty = (3.0 ns/pF) CL + 95 ns 180 400 

tr = (1.5 ns/pF) CL + 78 ns 90 200 

tr = (1.1 ns/pF) Cy + 68 ns 65 160 
Output Fall Time . 
te= (1.5 ns/pF) CL + 117 ns 200 
t¢= (0.75 ns/pF) Cy + 89 ns 100 
t¢= (0.55 ns/pF) CL +67 ns Pg 80 
16 








Characteristic 


Propagation Delay Time, 
Ctock to 0 : : 
tPLH. tpHe = (1.8 ns/pF) Cy + 4.0 us 
tpLH, tepHL = (0.8 ns/pF) CL + 1.5 us : s 6.0 
tPLH. tPHL = (0.6 ns/pF) Cy + 1.0 us O° 4.5 
Ctock to Carry Out 
teLH = (1.8 ns/pF) Cy + 3.3 us 
tpLH = (0.8 ns/pF) Cy + 1.1 us 
tpLH = (0.6 ns/pF) Cy + 0.8 us 
Master Reset to 0 . 
teHt = (1.8 ns/pF) CL + 1.8 us 
tpHL = (0.8 ns/pF) C_ + 0.6 us 
tPHL = (0.6 ns/pF) CL + 0.5 us 
Master Reset to Error Out 
tPHL = (1.8 ns/pF) Cy + 0.57 us 
tpHL = (0.8 ns/pF) Cy + 0.19 us 
tpHt = (0.6 ns/pF) Cy + 0.11 us 
Scanner Clock to O 
tPLH, tpHL = (1.8 ns/pF) Cy + 1.8 us 
tPLH, tpHL = (0.8 ns/pF) Cy + 0.6 us 
tPLH, tpHL = (0.6 ns/pF) Cy + 0.5 us 
Scanner Clock to Digit Select 
tPHL. tPLH = (1.8 ns/pF) Cy + 1.5 us 
tPHL. tPLH = (0.8 ns/pF) C_ + 0.5 us 
tPHL, tPLH = (0.6 ns/pF) C, + 0.4 us 
Maximum Clock Pulse Frequency 


Minimum Clock or Scanner Clock Pulse Width 


Master Reset Pulse Width 


*The formula given is for the typical characteristics only. 
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COUNTER TIMING DIAGRAM 


’ 





123 4 5 67 8 9 10 102 103 rf Tt 106 
Clock A 
Ann FE oe 
nits i 
1 1! 7 | | 7 ae 
Units Q1 adr eat dies - me 4 neath oth th 
oe a ino 8 elo | 
owe ‘ . | 
were A 
Tens Q0 ae ees ) pag a ) | 
Tens Q3 peat - ag are =~ F | 
| 
Tens Cy +4 ae (Li 


n 


Hundreds Qo 


Hoe 
pe 
HP 


Hundreds Q3 





Hundreds Cy + 4 


Thousands QO 


mae = 
i 


Thousands Q3 


l 
ThousandsCy +4 ’ | 
1 





mr 
= 


Ten Thousands Q0 


F 


Ten Thousands Q3 





i 
Ten Thowsends Cy $8 
--Jl 


Master Reset 


MODE CONTROL TRUTH TABLE 


[0 [0 | Normal Count ana Display At8 to O Wansition of fst decade | ______—‘S-Deceds Counts 
fo [+ [inhibited *[———snput Glock __—=dt_—Tant Mode: Clock cirectly nto wages 1.2, ana 
[1 [1 [| tonibited At a te 5 Wansition of first decade [@decade counter with = 10 and roundoff at front ond. 


Counts 3,4,5,6,7= 5 At7 to 8 transition of first decade 4-decade counter with 1/2 pence capability. 
Counts 8,9,0,1,2 = 0 7 






First Decade Output 
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SCANNER TIMING DIAGRAM 


Scanner 
Clock 
Scanner | an 
Reset 
Ds1 Units 
| 
OS2 
DS3 aa 
Hundreds 
I 


0S4 


Thousands 


DS5 Ten 
Thousands 





Note: if Mode B = 1, the first decade is inhibited and $1 will not go high, and 
the cycle will be shortened to four stages. ' 


DSS is selected automatically when Scanner Reset goes high. 


‘ 


ERROR DETECTION TIMING DIAGRAM 


Reset 7 ; 
Gene ee ee ee 
Clock B 

t | { ‘ 


Error Good Pulse 1 2 Good Pulse | Error Error 
3 4 


Out 


Note: Error detector tooks for inverted. pulse on Clock B. Whenever a positive 
edge at Clock A is not accompanied by a negative pulse at Clock 8 (or 
vice-versa) within a time period of the one-shots an error is counted. 
Three errors result in Error Out to go to a ‘1. If error detection is not 
needed, tie Clock B high or low and leave Pins 1 and 22 unconnected. 


CLOCK SKEW RANGE 

















oe LA SATS SL ALANA STON METS 

ES GPS SEO CEEY REET PES LES 

oe a a eT eA Ce SES 

STE REY ESE PRET (NESE ENCE ESSE 
rc ee ee ee en ee 
a aa fee Sh ae ; 
2 saad SES (aT ES Pe ee Notes: ; 
= 2 el ei eee - i. The skew is the time differerice be- 
4 = Se ae ees ae Sah tween the low-to-high transition of 
M tt} Ff results in counte Ca to the high-to-low transition of 
2 ae ES A DON I 6112 Cg or vice-versa. Capacitors C1 = C22 
= | | ef ort tied from pins 1 and 22. to Ves. 
x) Pp ss 
iF, aR aa Sa hs : ; : 
a [| [__{_ Skew in this range a 2. This graph is accurate for C1 = C22 > 
7 ate may or may not 100 pF. 
Zz -—}- + —$ result in counted 3. When the error detection circuitry is’ 
oat —j | tT error. : « 
- — |. | not used, pins 1 and 22 are left open. 

reed 3 
[eae ae 
"3.0 5.0 7.0 9.0 TD 13 15 7 


Vop (Vdc) 
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APPLICATIONS INFORMATION 


FIGURE 1 — CASCADE OPERATION 


MC14534B MC14534B 


1/2 
Clock A Cout® Clock A 


MC145188 


*Carry Out is high for a single clock period when all five BCD decades 
go to zero. (Carry Out also goes high when MR is applied.) . 





FIGURE 2 — FORCING A DECADE TO THE Q OUTPUTS 


Clock A 
BCD for 


MC14534B Selected 
, Decade 


DS2 DS3 


When the Q outputs of a given decade are required, this configuration will 
lock up the selected decade within four clock cycles. The select line feed- 
back may be hardwired or switched. 


Circuit diagrams utilizing Motorola products are included as a means is believed to be entirely reliable. However, no responsibility is 
of ittustrating typical semiconductor applications; consequently, assumed for inaccuracies. Furthermore, such information does not 
complete information sufficient for construction purposes is not convey to the purchaser of the semiconductor devices described any 
necessarily given. The information has been carefully checked and ticense under the patent rights of Motorola Inc. or others. 
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MOTOROLA 
Semiconductors MC14536B 


BOX 20912. PHOENIX, ARIZONA 85036 


PROGRAMMABLE TIMER 


McMOS LSI 
(LOW-POWER COMPLEMENTARY MOS) 


. 


The MC14536B programmable timer is a flexible 24-stage ripple 
binary counter with 16 stages selectable by a binary code. Provisions 
for an on-chip RC oscillator, or an external clock are provided. An 
on-chip monostable circuit incorporating a pulse-type output has 
also been included. By selecting the appropriate output in conjunc- 
tion with the correct input clock frequency, a variety of timing can 
be achieved. 


© 24 Flip-Flop Stages — Will Count From 29 to 224 
Last 16 Stages Selectable By Four-Bit Select Code 
Input Allows Bypassing of First Eight Stages 


PROGRAMMABLE TIMER 


Set and Reset Inputs 

Clock Inhibit Input 

On-Chip RC Oscillator Provisions 
On-Chip Monostabie Output Provisions 


Clock Conditioning Circuit Permits Operation With Very Long 
Rise and Fall Times 


Clock Input fmax = 3.0 MHz typical @ Vpp = 10 Vdc 
Counter Advances On Negative Going Edge of Clock 
Test Mode Allows Fast Test Sequence 

Supply Voltage Range = 3.0 Vdc to 18 Vdc 


Capable of Driving. Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range 


L SUFFIX , P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 620 _CASE 648 


ORDERING INFORMATION 





MC14XXXB Suffix Denotes 


MAXIMUM RATINGS (Voltages referenced to Vss) ‘ bo: Ceramic recnage 
P Plastic Package 
| Symbol | Value | Unit_ A Extended Operating 
OC Supply Voltage -0.5 to +18 Vdc Temperature Range 
input Valtage, All Inputs ~0.5 ta Vop + 0.5 C Limited Operating 


Temperature Range 
OC Current Drain per Pin ae | mAdc | 
Operating Temperatura Range — AL Device: ~55 to +125 (| 
CL/CP Device ~40 to +85 
Storage Temperature Range | Tstg | ~65t04150 | OC 
BLOCK DIAGRAM 
Ciock Inh. Reset Set 8-Bypass 





Osc. Inhibit 14.0 


J Stages 9 thru 24 
1thru 8 @aaegeccaaaaaaemcakhmlcawc a aa aa a 
9 10 11 12 13°14 15 16 17 18 19 20 21 22 23 24 


~, 


Out Out2 
Decoder 
Vopo = Pin 16 
Vsgsg = Pin 8 
Monostabie 
Multivibrator 


Mono-In 150 





earn 


f Output Voltage 
Vin * Vpp or 0 


"1" Level 
Vin = 0or VoD 


input Voltage# "0" Level 
(Vo = 4.5 or 0.5 Vde) 
(Vo * 9.0 or 1.0 Vdc) 
(Vo = 13.5 or 1.5 Vde) 
“1” Level 
(Vo = 0.5 or 4.5 Vde) . 
(Vo = 1.0 or 9.0 Vde) 
(Vo = 1.5 or 13.5 Vde) 
Output Drive Current (AL Device} 
(VoH = 2.5 Vdc)  —-_ Source 
(VOH = 4.6 Vde} 
_ Won = 9.5 Vde) 
(Von = 13.5 Vde) 
(Vo. = 0.4 Vde} 
(Voy = 0.5 Vde) 
(Voz. = 1.5 Vde) 
Output Drive Current (CL/CP Device) 
(VoH = 2.5 Vde} Source 
(VOH = 4.6 Vdc) 
(VoH = 9.5 Vdc) 
(Von = 13.5 Vdc) . 3 
(VoL = 0.4 Vde) . ; 0.88 
(VoL =0.5Vde) ” . 2.25 
(Voz * 1.5 Vde) 


_ [taput Current (AL Device) 
Input Current (CL/CP Device) 


input Capacitance 
(Vin = OF 
_lQuiescent Current (AL Device) 
(Per Package} 


Quiescent Current (CL/CP Device) 
(Per Package) 


Total Supply Current**t Ip = (1.15 wA/kHz) f + Ipp 
(Dynamic plus Quiescent, by = (2.3 BA/kKHz) f + IoD 
Per Package) Ir = (3.55 uA/kHz) f + Ipp 
(Cy = 50 pF on all outputs, all 
buffers switching) * 





*Ttow = -55°C for AL Device, -40°C for CL/CP Device. 
_ Thigh = +125°C for AL Device, +85°C for CL/CP Device. 

Noise immunity specified for worst-case input combination. 

Noise Margin for both “1 and “0” level = 1.0 Vdc min@ Vpp = 5.0 Vdc 

2.0 Vde min @ Vpp = 10 Vde 
; 2.5 Vde min @ Vpp = 15 Vde 
tTo calculate total supply current at loads other than 50 pF: ; 
t(CL) = I (50 pF) + 3 x 10-3 (Cy 50) Vopf 
where: If is in wA (per package}, Cy_ in pF, Vop in Vdc, and f in kHz is input frequency. 

**The formulas given are for the typical characteristics only at 25°C. 
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SWITCHING CHARACTERISTICS* (Cc, = 50 pF, Ta = 25°C) 


; a 
Characteristic Device 


Output Rise Time . 
ty = (3.0 ns/pF) Cy + 30 ns 180 400 
tr = (1.5 ns/pF) CL + 15 ns : 90 
te = (1.1 ns/pF) Cy + 10 ns 65 160 


Output Fal! Time ; : 
te = (1.5 ns/pF} CL +25 ns 100 175 200 
= (0.75 ns/pF) Cy + 12.5 ns 50 75 he 
= (0.55 ns/pF) Cy + 9.5 ns 37 55 
Propagation Delay Time 
Clock to Q1, 8-Bypass (Pin 6) High 
tPLH. teHL = (1.7 ns/pF) CL + 1715 ns 
tPLH. tPHL = (0.66 ns/pF) CL + 617 ns 
tPLH. tpHL = (0.5 ns/pF) Cy + 425 ns 


Clock to Q1, 8-Bypass (Pin 6) Low 
tPLH. tpHL = (1.7 ns/pF) CL + 3715 ns 
tPLH. tpHL = (0.66 ns/pF) Cy + 1467 ns 
tPLH, tpHL = (0.5 ns/pF) Cy + 1075 ns 


Clock to Q16 
tPHL. tPLH = (1.7 ns/pF) Cy + 6915 ns 
tPHL, tPLH = (0.66 ns/pF) C_ + 2967 ns 
tPHL, tpLH = (0.5 ns/pF) Cy + 2175 ns 
Reset to Q, 
tpHt = (1.7 ns/pF) Cy, + 1415 ns 
tpHL = (0.66 ns/pF) Cy, + 567 ns 
tpH_ = (0.5 ns/pF) CL + 425.ns 
Minimum Clock Pulse Width 


Maximum Clock Pulse Frequency oe 
(50% Duty Cycle) ; 


Maximum Clock Rise and Fal! Time 


Minimum Reset Pulse Width 





*The formula given is for the typical characteristics only. 


Clock Decode 
Reset] Inh Out 
No 

Change 

ahd 

ae —— 


<— ss 
Change 

[0 No 
Change 


~~ 
eae ate 


X= Don’t Care 
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OPERATING CHARACTERISTICS 


Set input initializes output to a “1”. This is accom- 
plished by setting an output conditioning latch to a 1 
while at the same time resetting the 24 flip-flop stages. 

’ With the occurence of the first negative transition of the 
clock, the output will change to a ‘0’. When the circuit is 
in the Set condition, the counter flip-flop stages will start 


counting on the second negative transition. The resulting - 


behavior is the same as if each of the 24 flip-flop stages 
were ‘set. 
Reset inputs resets all stages to a logical ‘0’. Reset or 
Set also disables the on-chip RC oscillator to allow very 
low power standby operation. Inq input is used as the 


external Clock input or as the input to the on-chip 


RC oscillator. 

Out 1, Out 2 outputs are used in the on-chip RC 
oscillator configuration. 

8-Bypass input bypasses the first eight stages resulting 
in a 16-stage counter with all 16 stages selectable, one at a 


time. Clock Inhibit input disconnects the first counter - 


stage from the input circuit, therefore inhibiting counting. 


This Clock Inhibit input is independent of the state of the 


Clock input. When the Clock Inhibit input is disabled, 
the counter will start counting only with the occurrence of 
the first negative edge of the Clock. 

Binary Select inputs A, B, C, and D select the flip-flop 
stage to be connected to the output. Decode Out output 
can either be connected directly to a flip-flop output or 
to the monostable output. Osc Inhibit input’can be used 
to disable the on-chip RC oscillator to allow very low 
power standby. operation. Mono !n input is used as the 
timing pin for the on-chip monostable oscillator. If the 
Mono tn input is grounded through a resistor, the mono- 
stable. circuit is disabled and the output is connected 
directly to the selected flip-flop. The monostable circuit 
is enabled if a resistor is connected between this pin and 
Vppb and a capacitor connected between this pin and 
ground. Any desired pulse width can be achieved depend- 
ing upon the value of the R and C selected. 

The test mode configuration divides the 24 flip-flop 


stages into three 8-stage sections to facilitate a fast test 


sequence. This test mode is enabled when 8- “Bypass, Set 
and Reset are at a "1" 


APPLICATIONS 


FIGURE 1 — TIME INTERVAL CONFIGURATION USING 
EXTERNAL CLOCK; SET AND CLOCK 
; INHIBIT FUNCTIONS 


°Vop 


Mono-In 
Ose Inh 


ing Decode out 


FIGURE 3 — TIME INTERVAL CONFIGURATION USING 
; ON-CHIP RC OSCILLATOR AND RESET INPUT 
TO INITIATE TIME INTERVAL 
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FIGURE 2 — TIME INTERVAL CONFIGURATION USING 
- EXTERNAL CLOCK; RESET AND OUTPUT 
MONOSTABLE TO ACHIEVE A PULSE OUTPUT 












Reset 
8-Bypass 
C tinh 
ee 
jo ox tnh 





Reset 

8-Bypass 

C inh 

Mono-In 

Osc Inh De O L_J 

code Out 

in4 t 

fo 
2.3RTcC 

Rs 22 Rtc 
fin Hz, Rin ohms, 
C in Farads. 


MC14536B 


Vop = Pin 16 
Vss = Pin 8 


Decoder 
Decode 


= 
< 
© 
9. 
= 
ra) 
7 
ae 
6 
a 


Osc Inhibit 
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TYPICAL RC OSCILLATOR CHARACTERISTICS 
(For Circuit Diagram See Figure 3 in Application) , 


FIGURE 5 — RC OSCILLATOR FREQUENCY ASA 
FIGURE 4 — RC OSCILLATOR STABILITY , FUNCTION OF Ryc AND C 





i ca 
= 40 = 
2 
=< 9 a 
a ities, 3 
Q 
> Dae, i 
& -40 « 
S Oo 
5 e 
= 
a ae 3 
a ~80 = 
Co 
-12 pecans, _| ’ 
Rte = $6 kQ, cope ie 10.15 kHz @ Vpg = 10 V, Ta = 25°C 
: 16 C= 1000 pF l=—— Rg = 120 k2, f = 7.8 kHz @ Vog = 10 V, Ta = 25°C 0.1 
-55 -25 0 25 50 75 108 125 “10k m 


10k 100k 
RTc, RESISTANCE (OHMS) 


“Device Only. Ta, AMBIENT TEMPERATURE (°C)* 0.0001 0.001 0.01 0.1 
. C, CAPACITANCE (uF) 
MONOSTABLE CHARACTERISTICS 
(For Circuit Diagram See Figure 2 in Application) 
FIGURE 6 — TYPICAL Cx versus PULSE WIDTH @ Vpp = 5.0 V FIGURE 7 — TYPICAL Cy versus PULSE WIDTH @ Vpp = 10 V __ 


100 ==. =... ese 100 == 











ormula for calculating PWoyt in 


microseconds.is as follows: 
PWout = 0.00247 AX « Cx0.85 [| 


Formula for calculating PWoyt in 
microseconds is as fotlows: 


Ss 


\ 


—| 





PWout, PULSE WIDTH {us} 


4 

— 

=. 

—_ 

a 
| 
i 

= 

om 


 PWout, PULSE WIDTH (us) 


Cx, EXTERNAL CAPACITANCE (pF) 


FIGURE 8 — TYPICAL Cy versus PULSE WIDTH @ Vpp = 15 V 
* 100 





Formula for calculating PWout in 
microseconds is as follows: 
PWout = 0.00247 Rx « Cx 0-85 


This device contains circuitry to protect | 
the inputs against damage. due to high 
static voltages or electric fields; however, , 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to 
this high impedance circuit. For proper © 
operation it is recommended that Vip and 
Vout be constrained to the range Vss < 
(Vin Or Vout) < Vop- 


= 
tc) 























PWout. PULSE WIDTH (us) 





Unused inputs must always be tied to an 
appropriate logic voltage leve! (e.g., either 


Vss or Vpp). 
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FIGURE 9 — POWER DISSIPATION TEST § ; 
CIRCUIT AND WAVEFORM FIGURE 10 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 


Pulse 
Generator 


Pulse ~ 
Generator 


Duty Cycle 


FIGURE 11 — FUNCTIONAL TEST CIRCUIT 


FUNCTIONAL TEST SEQUENCE 


Test function (Figure 11) has been included for the 
reduction of test time required to exercise all 24 counter 
_ stages. This test function divides the counter into three 
8-stage sections and 255 counts are loaded in each of the 
8-stage sections in parallel. All flip-flops are now at a “1”. 
The counter is now returned to the normal 24-stages in 
series configuration. One more pulse is entered into Inj 
which will cause the counter to ripple from an all “1” state 
to an all “0” state. ; 





FUNCTIONAL TEST SEQUENCE 


f Decade Out ; 
8-Bypass Q1 thru 024 . All 24 stages are in Reset mode. 


Counter is in three 8-stage sections in parallel mode. 
First ‘1’ to ’O" transition of clock. i ‘ 
: ; ; 


1 The 255 "1" to 0" transition. 


Counter converted back to 24 stages in series mode. 
Set and Reset must be connected together and simultaneously go 
from ‘'1" to “0”. 


Inq Switches to a "1". 





beu 255 “1” to ‘‘0"’ transitions are clocked in the counter. 


Counter Ripples from an all ‘’1” state to an al! ‘‘0’’ state. : 
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256-BIT STATIC RANDOM ACCESS MEMORY McMOS LSI 


The MCM14537 is a static random access memory (RAM) organ- (LOW-POWER COMPLEMENTARY MOS) 
ized in a 256 x 1-bit pattern and constructed with MOS P-channel 
and N-channel enhancement mode devices in a single monolithic 
structure. The circuit consists of eight address inputs (Aj), one data -256-BIT (256 x 1) STATIC : 
input (Djn), one write enable input (WE), one strobe input (ST), two RANDOM ACCESS MEMORY 
chip enable inputs (CE,), and one data output (Dox). 
Using both chip enable inputs as extensions of the address inputs, 
a 10-bit address scheme may be employed. Four MCM14537 devices 
may be used to comprise a 1024-bit memory without additional 
address decoding. The CE and ST inputs are dissimilar designed to 
enable usage of the memory in a variety of applications. An output 
latch is provided on the chip for storing the data read or written into ~ 
memory, making a data-out storage register unnecessary. The CE 
inputs contro! the data output for third-state (high output imped- 
ance) or active operation which makes the memory very useful in a 
bus oriented system. When CE2 is high the chip is fully disabled. 
When CE1 is high the output is in the third state but data can be CERAMIC PACKAGE 
written into the output latch during a read cycle. This enables the CASE 690 
use of the memory for fast reading by using the CE1 input to enable 
the latch. The memory is also designed so that dc signals can operate 
the memory with no maximum pulse width required on the CE and 


‘ORDERING INFORMATION 


MCM14X XX Suffix Denotes 


ST lines i‘ 
Medium speed operation and micropower operation make the L Ceramic Package 
device useful in scratch pad and buffer applications where. micro- 


power or battery operation and high noise immunity are required. Ae Serensed Ope acne 


Temperature Range 


Quiescent Current = 0.5 uA/package typical @ 5 Vdc Limited Operating 
Temperature Range 





Noise Immunity = 45% of Vpp typical 

3-state Output Capability for Memory Expansion 
Output Data Latch Eliminates Need for Storage Buffer PIN ASSIGNMENT 
Access Time = 700 ns typical @ Vpp = 10 Vdc 
Fully Decoded and Buffered 

Supply Voltage Range = 3.0 Vdc to 18 Vdc 


Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range 


On oaaosk WN = 


MAXIMUM RATINGS Avprtades referenced to Vss) 


DC Supply Voltage -0.5 to +18 | Vde_ | 
Input Voltage, All inputs . °-0.5 to Vpp + 0.5 | de | ‘ 
OC Current Drain per Pin . of mae 


This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vin and Voyt be 
constrained to the range Vss < (Vip or 
Vout) < Vop. 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vss or Vpp). 


Operating Temperature Range — AL Device -55 to +725 
CL/CP Device -40 to +85 


Storage Temperature Range -65 to +150 
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ELECTRICAL CHARACTERISTICS 


Output Voltage “O" Level 
Vin = Vpp or O 


“1 Level 
Vin = 0 0r Voo 


Noise immunity # 
(4Voyt < 0.8 Vde) 
(SV out < 1.0 Vde) 
(Vout < 1.5 Vde) 
(Vout < 0.8 Vde) 
(2Vout < 1.0 Vde) 
(Vout < 1.5 Vde) 
Output Drive Current (AL Device) 
(VOH = 2.5 Vde) Source 
(Voy = 4.6 Vde). 
(VOH = 9.5 Vdc) 
(Voy = 13.5 Vde) 
(VoL = 0.4 Vdc) Sink 
(VoL = 0.5 Vde) 
(VoL = 1.5 Vde) 
Output Drive Current (CL/CP Device) 
(VOH = 2.5 Vde) Source 
(VOH = 4.6 Vdc) 
(VoH = 9.5 Vde) 
(VoH = 13.5 Vde) E 
’ (VoL = 0.4 Vde) i : ; . 0. 88 
(Voz = 0.5 Vde) ; 2.25 
(VoL = 1.5 Vdc) : 3h 8.8 _ 


Input Current (AL Device) ; +0.00001 } +0.1 
Input Current (CL/CP Device) 1. +0.00001| +1.0 


Input Capacitance 
(Vin = 0) 

100 1800 | nAdc 
200 3600 — 
400 7200 

Quiescent Current (CL/CP Device) 100 1800 uAdc 

~ (Per Package) : 200 wes 

; 400 


Total Supply Current**t I = (1.46 BA/KH2) f+ Ipp 
(Dynamic ptus Quiescent, Iy = (2.91 uA/KH2) f+ Ipp 
Per Package) ly = (4.37 wA/KHz) f+ Ipp 
(Cy = 50 pF on all outputs, all : : 
buffers switching) 


Three-State Leakage Current : +0.00001 
(AL Device) 
Three-State Leakage Current ITL 0 +0.00001 
(CL/CP Device) ; 
*Tiow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
sNoise immunity specified for worst-case input combination. 
Noise Margin for both “1 and ‘0’ level = 1.0 Vde min@ Vpp = 5.0 Vde 
2.0 Vde mMin@ Vpp = 10 Vde 
2.5 Vdemin@ Vpp = 15 Vde 
tTo calculate total supply current at loads other than 50 pF: 
i(C_) = 17150 pF) + 1 x 10-3 (CL -50) Vopft 
where: I7 is in uA (per package), Cy in pF, Vpp in Vdc, and f in kHz is input MeaUeneY. 
**The formulas given are for the typical characteristics only at 25°C. 


Quiescent Current (AL Device) 
(Per Package) 
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SWITCHING CHARACTERISTICS* (CL = 60 pF, Ta = 25°C) 


Characteristic 
Output Rise Time 
= (3.0 ns/pF) Cy + 30 ns 
ty = (1.5 ns/pF) C, + 15 ns 
= (1.1 ns/pF) CL + 10 ns. 
Output Fall Time 
tr = (1.5 ns/pF) Cy + 25 ns 
tp = (0.75 ns/pF) Cy + 12.5 ns 
te = (0.55 ns/pF) CL +'9.5 ns 
Read Access Time from ST or CE2 
tac = (1.4 ns/pF) Cy + 2480 ns 
tacc = (0.7 nspF) Cy + 690 ns 
tacc = (0.5 ns/pF) C_ + 393 ns 


Hold Time from A, to ST or CE2 


Data Hold Time 
Data Setup Time 


Write Enable Hold Time 

Wiiite Enable Setup Time 

Write Enable to. Doyt Disable** 
| Strobe or CE2 Pulse Width When Reading 
Strobe, CE1 or CE2 Pulse Width When Writing 


Write Recovery Time 

tw = (1.4 ns/pF) Cr + 219 ns 

ty = (0.7 ns/pF) Cy + 70 ns 

ty = (0.5 ns/pF) Cy + 47.5 ns 
CE1 or CE2 to Doyt Disable Delay** 


Read Setup Time 


Read Hold Time 


Write Cycle Time 


Ee 


*The formula given is for the typical characteristics only. 


**10% output change into a 1.0 kQ load. 


i 
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Pa 


180 350 
90 150 | 
65 110 


175 
# 


-wlawn 
st 


2500 4000 
00 


1050 
600 
200 
150 
1200 
400 
300 
200 400 
80 160 
55 120 


480 960 
160 320 
110 240 


1200 -| 2400 
1200 


Now 
ao. 


6 


B83 


240 .| 480 
80 160 
55 120, 
240 480 
80 160 
55 120 
450 900 
150 300 
100 225° 
1200 | 1800 
600 840 
420 630 


480 - 
160 
120 


600 
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CL/cP Typ AL CL/CP 
Device | All Types | Device | Device 


400 
200 
160 
200 ; 
joe 


6000 
2000 
1500 


900 
300 
225 
1800 
600 
450 
600 
240 
180 
~ 1400 
500 
375 
3600 
1800 
1350 


720 
240 
180 
720 
240 
180 
1350 
— 


2400 © 
1260 
945 


720 
240 





FIGURE 1 — TYPICAL OUTPUT SOURCE AND SINK CURRENT CHARACTERISTICS TEST CIRCUIT 


i Saas 
Pulse : Characteristics . | Characteristics 
et [WE | Pute once | use Once | 
Din [SWI in Position 1 SW1 in Position | 

¥ 


External : 
Power 


Supply 


0.01 pF 


i Ceramic ; . : 

Pulse : 
=e eee ee Ne 
Generator = Generator ; 


1 : . 2 1 


2 
Output (Dour) = 


Pulse 
Generator 
2 


othe aa. as i nee 
Generator Lo : 


FIGURE 3— AC TEST CIRCUIT 


Pulse 
Generator 
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FIGURE 4 — READ CYCLE WAVEFORMS UTILIZING STROBE-TO-ACCESS MEMORY 


Write Enable 
(WE) 


Data Output 
(Dout) 





High impedance output state occurs when WEis maintained as a logical 
"0" (tow level). 


The output momentarily displays data from the previous state. 


For read operation, WE may be maintained at a logical ‘1’’ (high fevel) 
during the complete cycie. 


CE? and CE2 are maintained at a logical “’0’’ state (low level). 
All input rise and fall times are 20 ns. , 


FIGURE 5 — READ CYCLE WAVEFORMS UTILIZING CE2 FOR ACCESS MEMORY 


Address 
Inputs 
(An) 


Chip Enable 2 
(CE2) 
tsetup(R) 


Write Enable 
(WE) 


tacc(CEp) 


Data Output 
{Ogut) 
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tsetup(A) 
PW(R1) 


© 


High tmpedance output state occurs when CE1 or CE2 is maintained 
in the logical ‘‘1’’ state (high level). : 

The output momentarily displays data from the previous state. 

For read operation, WE may be maintained at a logical.’’1”’ (high level) 
during the complete cycle. - 

Alt input rise and fall times are 20 ns. 


PW (R1) 2 toce (R) max 
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FIGURE 6 — READ CYCLE WAVEFORMS UTILIZING CE1 AND CE2 TO ACCESS MEMORY 


Address 
inputs 
(An) 


tdetay(CE2) 


_ Data Output - 
(Dout) 


High impedance output state occurs when CET or CE2 is maintained 
in the logical ‘'1’’ state (high level). 


WE is maintained at the logical ‘‘1’’ state for this example. 
All input rise and fall times are 20 ns 
tdetay(TE2) Minimum assuares that only data ene addressed 
will appear at the output. 
tdelay(CE2) min. = tacen max, ~ tace(@Ei) min. 


PW(R2) 2 tgelay (CE2) min + tace (CE_) max 





_ FIGURE 7 — WRITE CYCLE WAVEFORMS 


Write Enable 
(WE) 


Data Input 
(Din) 


The Strobe, CE1 and CE2 may be utilized to control a write cycle, 
however, during changes of address either Strobe or CE2 must 
be in the logical ‘’1’’ state (high level). 

Data input logic level is don’t care during the indicated intervals. 

Data input.logic level must remain fixed. 

Write Enable may be maintained as a logical “0” during the write cycle. 


_ All input rise and fali times are 20 ns. 
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LOGIC/BLOCK DIAGRAM 


3-State Enable 


(High Resistance State) 


Circuitry 


ne 


1 of 16 
Decoder 
1 of 16 
Decoder 


Cc 
ous will be active if rn and 
[ef Pos fo fooler ari 
CE2 = 1”, fully disables angernal 
logic and output. 
Address sae R/A Changing address in this mode 
not valid may result in altered data. 
CE1 = “1” disables write cycle 
and Dout: 


ee 


WE = “0” enables writing into 
memory if CE1, CE2, and 

ST = "0". 
if ST = 1’, the output stores 
and reads the previous data | 
from or written into memory. 


x The output reads the present 
contents that are addressed. 
The addressed location is read 
inne cue eames into output latch with output in 
P ‘ the “'R” state. 


Disable reading rx {it xi] x] x] rR Address changing can take 
from memory |r x {-x | 1 x ft x] Ral place in this condition. 

Din is written into memory 

jrvinine menerr| 0 | 0 | o | o | a | [Pkatveie eit ns 


Write disabled R WE = ''1" is a read enable. 
: R |WE = 0" is a write enable. 












Address changing 






Dour disabled in 
high resistance state 



















Dout enabled in 
active state 












‘Read addressed 





















13 






R = High resistance state at Dou: 
A= An active level of either Vgg or Vop 

R/A = An R or A condition depending on the don’t care condition 
X = Don’t care condition (must be in the 1” or ‘0’ state) 

1 = A high level at Vpp 

~ 0= A low level at Vss 
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TYPICAL APPLICATION FOR SERIAL WORDS UTILIZING BUS TECHNIQUES 














Address 
Register. 


i i 









eee oaoem 
An 

MCM14537 

CE1 





n 
MCM14537 





Oo 





ete Pe ee Output Bus 


Tword = tace(ST)t (N-1) tace(GET), , 
Tword(typ) = 3-8 us for a 32-bit serial word at Vop = 10 V 


10-Bit 
Address 
Dout 
10-Bit 
Address : 
ae ae 
PU LL 
‘eee perormecanea! 
An : 
CE2 
Dour 


Typical Low Power 1024 x 1. RAM Utilizing Four MCM14537’'s. 
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Advance Information 


DUAL PRECISION MONOSTABLE MULTIVIBRATOR 


The MC14538B is a dual, retriggerable, resettable monostable 
multivibrator. It may be triggered from either edge of an input pulse, 
and will produce an accurate output pulse over a wide range of 
widths, the duration and accuracy of which are determined by the 
external timing components, Cy and Rx. Linear CMOS techniques 
allow more precise control of output pulse width. 


+0.5% Typical! Pulsewidth Variation from Part to Part 
+0.5% Typical Pulsewidth Variation over Temperature Range 


New Formula: PWoy¢ = RC (PW in seconds, R in ohms, C in 
farads) 


Pulse Width Range = 1.0 us to oo 
Symmetrical Output Sink and Source Capability 
Separate Latched Reset Inputs 
Quiescent Current (Standby) < 2 nA Typical 
3.0 Vdc to 18 Vdc Operational Limits 

. Triggerable from Positive or Negative-Going Edge 
Pin-for-Pin Compatible with MC14528B and CD4098 





MAXIMUM RATINGS (Voltages referenced to Vgs) 


[Bc SuppyVenege_——SSSSSSCSC~*d:C«CN OH 
Vie 
[BC Current OreinperPin Sit | tO 


Operating Temperature Range — AL Device Ta —55 to +125 
__ CL/CP Device i —40to+85 
Storage Ternperature Range —65 to +150 | ec | 













This device contains circuitry to protect the inputs against damage due to high 
static voltages or electric fields; however, it is advised that normal precautions 
be taken to avoid application of any voltage higher than maximum rated voltages 
to this high-impedance circuit. For proper operation it is recommended that Vin 
and Vout be constrained to the range Vgg S (Vin or Vout) S Vpp. 


Unused inputs must always be tied to an appropriate logic voitage level (e.g., either 
Vsg or Vpp). es 





This is advance information and specifications are subject to change without notice. 
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MC14538B 


McMOS MSI 


(LOW-POWER COMPLEMENTARY MOS) 


DUAL PRECISION 
RETRIGGERABLE/RESETTABLE 
MONOSTABLE MULTIVIBRATOR 


L SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 620 CASE 648 












ORDERING INFORMATION 





MC14XXXB Suffix Denotes 


L L Ceramic Package 
P Plastic Package 
A Extended Operating 
Temperature Range 

C Limited Operating 
Temperature Range 








BLOCK DIAGRAM 


Rx and Cx are.external components. 


Vpp = Pin 16 
Vgg = Pin’ 


MC14538B 


ELECTRICAL CHARACTERISTICS 


Output Voltage 
Vin = Vpp or 0 


“1 Level 
Vin = 0or Vop 


Input Voltage” “0” Level 
(Vo = 4.5 or 0.5 Vde) 
(Vo = 9.0 or 1.0 Vde) 
(Vo = 13.5 or 1.5 Vde) 
“1” Level 
(Vo = 0.5 or 4.5 Vde) 
(Vo = 1.0 or 9.0 Vde) 
(Vo = 1.5 of 13.5 Vde) 

Output Drive Current (AL Device) 
(VOH = 2.5 Vde) Source 
(VoH = 4.6 Vde) 

(VOH = 9.5 Vde) 

(VoH = 13.5 Vde) 

(VoL = 0.4 Vdc) Sink 
(VoL = 0.5 Vde) 

(VoL = 1.5 Vac) 

Output Drive Current (CL/CP Device) 
(VoH = 2.5 Vdc) Source 
(Von = 4.6 Vde) 

(VOH = 9.5 Vde) 

(VoH = 13.5 Vdc) 

(VoL = 0.4 Vde) © Sink 
(Voz = 0.5 Vac) 

(Vot = 1.5 Vde} 


Input Current (AL Device) 
Input Current (CL/CP Device) 


Input Capacitance 
(Vin = 0) 

Quiescent Current (AL Device) 
(Per Package) 


Quiescent Current (CL/CP: Device) 
(Per Package) 


Total Supply Current* *t 
(Dynamic pilus Quiescent, 
Per Package) 
(Cy = 50 pF on all outputs, all 
buffers switching) 


-0.88 
-2.25 
8.8 
0.88 
2.25 
8.8 


roooooT| 201] [210 | wha 
so.oo001| =03 | | #10 | wade | 


feeee basa eecee 


This table lists all of the characteristics to be specified 
for this device. Final specifications were not available 
at the time of printing. For the latest data, contact: 


CMOS Marketing 

Motorola Semiconductor Products ‘Inc. 
3501 Ed Bluestein Bivd. 

Austin, Texas 78721 

(512) 928-2600 


09 
24 





*Tiow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
#Noise immunity specified for worst-case input combination. 
Noise Margin for both ‘*4"’ and 0" level = 1.0 Vde min@ Vpp = 5.0 Vdc 


2.0 Vde min@ Vpp = 10 Vde 
2.5 Vde min@ Vpp = 15 Vde 


tTo calculate total supply current at loads other than 50 pF: 
Ip(CL) = 17 (50 pF) + 1x 1073 (CL -50) Vppft 
_ where: I7 is in wA (per package), Cy in pF, Vpp in Vdc, and f in kHz is input frequency. 
**The formulas given are for the typical characteristics only at 25°C. . ; \ 


(A) MOTOROLA Semiconductor Products Inc.. 


B.270. 


MC14538B | : 


SWITCHING CHARACTERISTICS (C, = 60 pF, T, = 25°C) 


Output Rise Time > 
. Output Fall Time 


: : This table tists all of the characteristics to be specified 
Propagation Delay Time for this device. Final specifications were not available 
AorB toQorQ at the time of printing. For the latest data, contact: 


CMOS Marketing : 
: : Motorola Semiconductor Products Inc. 
Aor8 toQorG . 3501 Ed Bluestein Bivd. 
: Austin, Texas 78721 
(512) 928-2600 


Cp to QorG 


Minimum Input Pulse Width 
Output Pulse Width — Qor Q | 


Minimum Retrigger Time 


LOGIC DIAGRAM 
(1/2 of Device Shown) 


Lo] 
o 


+ oe — — OAV G Om ee HD 





(AA) MOTOROLA Semiconductor Products Inc. 
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MOTOROLA 


Semiconductors 


BOX 20912 . PHOENIX, ARIZONA 85036 


’ 


(MC14539B 





DUAL 4-CHANNEL DATA SELECTOR/MULTIPLEXER 


The MC14539B data selector/multiplexer is constructed with 
MOS P-channel and N-channel enhancement mode devices in a single 
monolithic structure. The circuit consists of two sections of four in- 
puts each. One input from each section is selected by the address 
inputs A and B. A “high” on the Strobe input will cause the output 
to remain. “low”. 

This device finds primary. application in signal multiplexing 
functions. It permits multiplexing from N-fines to |!-line, and can also 
perform paraliel-to-serial conversion. The Strobe input allows cas- 
cading of n-lines to n-lines. 


Quiescent Current = 5.0 nA/package typical @ 5 Vdc 
Noise Immunity = 45% of Vpp typical 

High Fanout >50 ° 

Input Impedance = 1012 ohms typical 

Supply Voltage Range = 3.0 Vdc to 18 Vdc 


Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range ~ 








MAXIMUM RATINGS (Voltages referenced to Vsg) 








Storage Temperature Range -65 to +150 


TRUTH TABLE 


ADDRESS 
s 


2 
v 
Cc 
4 


OUTPUTS 


X3 
mapas. 
x x 
0 x 
0 x 
} 0 x 
Le 0 x 


X = Don’t Care 
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Rating [symbat] __Vatue | Unit] 
Sevan + O8 
"0c Current Drain per Pin 10 mn} 
Operating Temperature Range — AL Device | oTA -55 to +125 °c 
CL/CP Device ~40 to +85 . 


McMOS MSI 


(LOW-POWER COMPLEMENTARY MOS) 


DUAL 4-CHANNEL 
DATA SELECTOR/MULTIPLEXER 


tL SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 


CASE 620 CASE 648 
ORDERING INFORMATION 
MC14XXXB Suffix Oenotes 
Me Ceramic Package 
Plastic Package 
Extended Operating 
Temperature Range 


Limited Operating 
Temperature Range - 


BLOCK DIAGRAM | 


Vopb = Pin 16 
. Vgg = Pin 8 





MC14539B 





ELECTRICAL CHARACTERISTICS 


Output Voltage “O"' Level - 
Vin = Vpp or 0 


=! 


estan <<! 
s3)=<3{ 48] 


"4" Level 
Vin 7 90r Vop 


Input Voltage #* “0” Level 
(Vo = 4.5 or 0.5 Vdc) 
(Vo = 9.0 or 1.0 Vdc) 
(Vo = 13.5 or 1.5 Vdc) 


hw-o ooo 
> i oo 
oon S88 


‘ “4” Level 
(Vo = 0.5 or 4.5 Vde) 
(Vo = 1.0 or 9.0 Vdc) 
(Vo = 1.5 or 13.5 Vde) 


Output Drive Current (AL Device) 
(VOH = 2.5 Vde) Source 
(VOH = 4.6 Vde) 

(VoH = 9.5 Vdc) 

(VOH = 13.5 Vde) 

(VoL = 0.4 Vdc) Sink 
(VoL = 0.5 Vde) 

(VoL = 1.5 Vde) 

Output Drive Current (CL/CP Device) 
(VOH = 2.5 Vdc) Source 
(VOH = 4.6 Vde) 

(VoH = 9.5 Vde) 
(VoH = 13.5 Vdc) 
(VoL = 0.4 Vdc) Sink 
(VoL = 0.5 Vde) 
(VoL = 1.5 Vde) 
nput Current (AL Device) 

Input Current (CL/CP Device) 

Input Capacitance 
(Vin = 0) 

Quiescent Current (AL Device) 
(Per Package) 


-1.0 
~0.2 
-0.5 
~—1.4 





0.44 0.88 
1.1 2.25 
8.8 


3.0 
[s07_[ — [r0.00007 | 201 _] 
F203 | - _|r0.0000r] +03_| 


| Kl 
- 


2 
5 


ol 
oO 


= 
oo 


Quiescent Current (CL/CP Device) 
(Per Package) 


‘Per Package) IT = (2.6 uA/kHz) #+ 'DD 
(Cy. = 50 pF on all outputs, all : 


buffers switching) ; 
*Tlow = -§5°C for AL Device, -40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C:for CL/CP Device. 
-=Noise immunity specified for worst-case input combination. 
Noise Margin for both “1” and “0” level = 1.0 Vde min@ Vpp = 5.0 Vde 
‘2.0 Vde min @ Vpp = 10 Vde 
; 2.5 Vde min@ Vop = 15 Vde 
tTo calculate total supply current at loads other than 50 pF: : 
IT(CL) = 17(50 pF) +2 x 1073 (Cy -50) Vopf 
where: I+ is in uA (per package), C_ in pF, Vpp in Vdc, and f in kHz is input frequency. 
**The formulas given are for the typical characteristics only at 25°C: 





Total Supply Current* *t 7 iy = (0.85 uA/KHz) f+ IppD 
(Dynamic plus Quiescent, ly = (1.7 HA/kHz) f+ IDD 






This device contains circuitry to protect the inputs against. damage due to high static voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high im- 
pedance circuit. For proper operation it is recommended that Vin and Vout be constrained to the range Vgg < (Vin or Voy) 
SVpp. ; : : 


Unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vss or Vpp). 







& MOTOROLA Semiconductor Products inc. 
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SWITCHING CHARACTERISTICS* (C= 50 pF, Ta = 25°C) 


Output Rise Time 
ty = (3.0 ns/pF} Cy + 30 ns 
tr = (1.5 ns/pF) Cy + 15 ns 
ty = (1.1 ns/pF) Cy + 10 ns 



































Output Fal! Time 
t¢ = (1.5 ns/pF) C_ + 25 ns 

te = (0.75 ns/pF) CL + 12.5 ns 
te = (0.55 ns/pF) CL + 9.5 ns 


100 175 


yp 
All Types CL/CP Device 
50 75 


180 

90 

65 

37 55 


veo | 
400 
2000 
160 
- 200 
100 
80 
210 515 
90 240 
70 175 
- 340 565 
165 - 275 
130 | = 215 
645 
285 
220 
365 
185 
140 





Propagation Delay Time 
X, Y Input to Output 
tpLH- tPHL = (1.7 ns/pF) Cy. + 125 ns 
tPLH. teHL = (0.66 ns/pF) Cy, + 57 ns 
tPLH- tPHL = (0.5 ns/pF) C_ + 45 ns 








A Input to Output 
teLH = (1.7 ns/pF) CL + 140 ns 
tpLH = (0.66 ns/pF) CL + 77 ns 
teLH = (0.5 ns/pF) CL +60 ns - 


tpHL = (1.7 ns/pF) CL + 160 ns 
tpHL = (0.66 ns/pF) C,_ + 82 ns 
tpH_ = (0.5 ns/pF) C, + 65 ns 


245 430 
115 190 
90 150 


7 i. 


Strobe Input to Output 
tPLH. tepHL = (1.7 ns/pF) C_ + 60 ns 

tPLH, tpHL = (0.66 ns/pF) CL + 42 ns 
tPLH. tPHL = (0.5 ns/pF) Cy + 35 ns 





ns 
Z 


*The formula given is for the typical characteristics only. 


FIGURE 1 — AC TEST CIRCUIT. AND WAVEFORMS 


Pulse 
Generator 


Output 
(Test 1) 


tp 
Output _ 
(Tests 2 and 3) 


Input Connections for t,, te, tpLH, TPHL 


frest[strose| a | xo _| 


P.G 
Vpo 
Vop° 


(A) MOTOROLA Semiconductor Products inc. 
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FIGURE 2 — POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 





Pulse : 
Generator 


50% Duty Cycle 





A 
B 
ST 
xo 
x1 
X2 
X3 
sT’ 
Yo 
Y1 
Y2 
Y3 
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PROGRAMMABLE TIMER 


The MC14541B programmable timer consists of a 16-stage binary 
counter, an integrated oscillator for use with an external capacitor 
and two resistors, an automatic power-on reset circuit, and output 
control logic. 

Timing is initialized by turning on power, whereupon the power- 
on reset is enabled and initializes the counter, within the specified 
Vop range. With the power already on, an external reset pulse can 
be applied. Upon release of the initial reset command, the oscillator 
will oscillate with a frequency determined by the external RC net- 
work, The 16-stage counter divides the oscillator frequency (fgsc) 
with the nth stage frequency being fos¢/2", 


Available Outputs 28, 210. 213 or 216 
Increments on Positive Edge Clock Transitions 
Low Symmetrical Output Resistance (typically 100 2 @ 15 Vdc) 


Built-in Low Power RC Oscillator - 
(2% accuracy over temperature range and + 10% supply and 
+3% over processing @ <10 kHz) 


Oscillator Frequency Range © DC to 100 kHz 


Oscillator May Be Bypassed if External Clock Is Available (Apply 
external clock to Pin 3) ; . 


Automatic Reset Initializes All Counters When Power Turns On 
{Limits ~ Vpp from 8.5 Vde to 18 Vde when enabled) 


External Master Reset Totally Independent of Automatic Reset 
Operation : 


Operates as 2 Frequency Divider or Single Transition Timer 
Q/O Select Provides Output Logic Level Flexibility 


Reset (auto or master) Disables Oscillator During Resetting to 
Provide No Active Power Dissipation 


Clock Conditioning Circuit Permits Operation with Very Slow 
Clock Rise and Fall Times 


Supply Voltage Range = 3.0 Vdc to. 18 Vdc 


MAXIMUM RATINGS (Voltages referenced to Vgs) 












Value 


[Rating «SS | on] 
[OC Current DrainperPin SSCs tT 






Operating Temperature Range — AL Device 
CL/CP Device 


-55 to +125 


Th 
. ~40 to +85 
T -65 to +150 


: stg 


Storage Temperature Range 


'  R2QK 





Trade | 
ee 


MC14541B 


McMOS MSI 


(LOW-POWER COMPLEMENTARY MOS) 


OSCILLATOR/TIMER 


1 


tL SUFFIX 
CERAMIC PACKAGE 


” CASE 632 


: P SUFFIX 
PLASTIC PACKAGE 
CASE 646 

ORDERING INFORMATION | 


MC14XXXB Suffix Denotes 


a Ceramic Package 
Plastic Package. 
Extended Operating 
Temperature Range 
Limited Operating 
Temperature Range. 


BLOCK DIAGRAM 


Vop = Pin 14 
Vss = Pin 7 





MC14541B | a 
ELECTRICAL CHARACTERISTICS 


Output Voltage “O" Level 
Vin = Vpp or 0 


"41" Level 
Vin = 90 0r Vpp 


Input Voltage# “0” Level 
(Vo = 4.5 or 0.5 Vde) 
(Vo =9.0 or 1.0 Vdc) 
(Vo = 13.5 or 1.5 Vde} 


“1" Level 


- (Vg = 0.5 or 4.5 Vde) 
(Vo = 1.0 or 9.0 Vde) 
(Vo = 1.5 or 13.5 Vde) 


Output Drive Current (AL Device) 
(Von = 2.5 Vde) Source J A 
(Von = 9.5 Vde) ; 
(Von = 13.5 Vde) : 


(VoL = 0.4 Vde) 
(Voz = 0.5 Vde) 
(VoL =.1.5 Vde) 


| Output Drive Current (CL/CP Device) 
(Von = 2.5 Vde) Source 
(Von = 9.5 Vde) 
(Voy = 13.5 Vde) 


(VoL =0.4Vde) Si 0.86 
(Voz = 0.5 Vac) 
(Vox = 15 Vde) 8.50 


"ty er al pepo 


(Vin = 0) 


3.0 
4.0 
Quiescent Current (AL Device) 
(Pin 5 is High) 
Auto Reset Disabled 
Quiescent Current (CL/CP Device) ; 
20 
(Pin 5 is High) 40 
Auto Reset Disabled 80 
: ‘00 


0.005 5.0 150 
0.010 300 
0.015 600 


; uAdc 
150 
: 300 
600 
uAdc 
1200 
250 1500 
(Pin 5 is low) 500 2000 


. Supply Current**t uAdc 
(Dynamic plus Quiescent) 1p = (0.4 HA/kHz) f+ Ipp eo 
: Ip = (0.8 BA/kHz) f+ Ipp 
Ip = (1.2 wA/kHz) f+ 'DD 


*Tiow = —55°C for AL Device, —-40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
#Noise immunity specified for worst-case input combination. 
Noise Margin for both “1” and 0" level = 1.0 Vde min @ Vpp =5.0 Vde © 
2.0 Vde min @ Vpp = 10 Vde 
2.5 Vde min@ Vpp = 15 Vde 
tWhen using the on chip oscillator the total supply current (in wAdc) becomes : 7 = Ip 4 +2 Ctc Vpp f x 10-3 where Ip is in uA, Ct¢ is in 
PF, Vpp in Volts DC, and f in kHz. (see fig. 3) 
Dissipation during power-on with automatic reset enabled is typically 504A @ Vpp = 10Vdc. © 
**The formula given is for the typical characteristics only. - 





Auto Reset Quiescent Current 
2 





(AA) MOTOROLA Semiconductor op Seles Inc. 


‘R_2Q28 


MC14541B | . | 


SWITCHING CHARACTERISTICS®* (c, = 50 pF, Ta = 25°C) 


Vop 
[ce a | All Types nace =e 


tee Rise Time 
= (3.0 ns/pF) Cy + 30 ns 
N = (1.5 ns/pF) C_ + 15 ns 
tr = (1.1 ns/pF) Cy + 10ns 
Output Fall Time 
te = (1.5 ns/pF) CL + 25 ns 
t¢ = (p.75 ns/pF) Cy + 12.5 ns 
te = (0.55 ns/pF) Cy +9.5 ns 


Turn-Off, Turn-On Clock to Q (28 Output) 
tpLH. tPHL = (1.7 ns/pF) Cy + 3415 ns 
tpuH: tPHL = (0.66 ns/pF) Cy + 1217 ns 
teLH. tpHL = (0.5 ns/pF) Cy + 875 ns 
Turn-On, Turn-Off Clock to Q (216 Output) 
tPHL. tpLH 2 (1.7 ns/pF) C_ +5915 ns 
teHL. tpLH = (0.66 ns/pF) Cy + 3467 ns 
tpHL. teLH = (p.5 nsYpF) Cy + 2475 ns 


Minimum Clock Pulse Width 600 900 
200° 300 
150 225 


Maximum Clock Pulse Fenian: 












































Minimum MR Pulse Width 


“The formula given is for the typical characteristics only. 


FIGURE 1 — POWER DISSIPATION TEST CIRCUIT ’ FIGURE 2 — SWITCHING TIME TEST CIRCUIT 
AND WAVEFORM AND WAVEFORMS 


Pulse 
Generator 


Pulse 
Generator 


(Rig and Cy, outputs are left open) 


50% 
Duty Cycle 
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FIGURE 3 — OSCILLATOR CIRCUIT USING RC CONFIGURATION 
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FIGURE 5 — RC OSCILLATOR FREQUENCY AS A 


FIGURE 4 — RC OSCILLATOR STABILITY 


FUNCTION OF Rrc AND C 











56 k&2 

















_ (RTC 














= 0,f= 10.15 kHz @ Vpp=10V, Ta 


Loam Rg = 120 KY, f= 7.8 kHz @ Vop 





(%4) NOLLVIA3G AI NanDau3 


= 259C 
= 25°C 


OV, Ta: 


56k, ;—— Rg 


1000 pF 


RTC 


: ‘ 0.01 
C, CAPACITANCE (uF) 


RTc. RESISTANCE (OHMS) 


0.001 


Ta, AMBIENT TEMPERATURE (°C) 





Products Inc. 


(AA) MOTOROLA Seiiconducter 
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MC14541B : 


= 7 


EXPANDED BLOCK DIAGRAM z 


210 913 216 


8-Stage 28 
Counter 


c 8-Stage 
Counter 
Reset Reset 
e 


Cc 


Auto Reset 
50 


9 
Master Reset i : 0/a 
Select 
Vob = Pin 14 
Vsg = Pin 7 





FREQUENCY SELECTION TABLE ‘ TRUTH TABLE 


Auto Reset 
Disabled i 





utput Initially Output Initially High 
ow After Reset After Reset : 
ingle Cycle Mode | Recycle Mode 





& MOTOROLA. Semiconductor Products Inc. 


R.220 


MC14541B | | 


OPERATING CHARACTERISTICS 


With Auto Reset pin set to a 0’ the counter circuit is 
initialized by turning on power. Or with power already on, 
the counter circuit is reset when the Master Reset pinis set. 
to a 1". Both types of reset will result in synchronously — 
resetting all counter stages independent of counter state. 
Auto Reset pin when set to a ‘’1”’ provides a low power 
operation. 

The RC oscillator as shown in Figure 3 will oscillate 
with a frequency determined by the external RC net- 
work i.e., 


- if (1 kHz<t<1 
f WRite f ( Hz <f< 100 kHz) 
and §=Rg*2 Rte where Rg = 10 kQ 


The time select inputs (A and B) provide a two-bit 
address to output any one of four counter stages (28, 210, 
213 and 216). The 2" counts as shown in the Frequency 
Selection Table represents the Q output of the Nth stage 7 = 
of the counter. When A is “1”, 216 is selected for both 
states of B. However, when B is “0”, normal counting is 
interrupted and the 9th counter stage receives its clock 
directly from the oscillator (i.e., effectively outputing 28). 

_ The Q/ Gselect output control pin provides for a choice 
of output level, When the counter is in a reset condition 
and Q/G select pin is set to a “0” the O output is a 0", 
correspondingly when Q/@ select pin is set to a ‘’1” the 
Q output is a “1”. 

When the mode control pin is set to a ‘’1’’, the selected 
count is continually transmitted to the output. But, with 
mode pin “0” and after a reset condition the RS flip-flop 
(see Expanded Block Diagram) resets, counting commenced 
and after 29-1 counts the RS flip-flop sets which causes 
the output to change state. Hence, after another 2-1 
counts the output will not change. Thus, a Master Reset 
pulse must be applied or a change in the mode pin level 
is required to reset the single cycle operation.. 


DIGITAL TIMER APPLICATION 


When Master Reset (MR) receives a positive pulse, the 
internal counters and latch are reset. The QO output goes 
high and remains high until the selected (via A and B) 
number of clock pulses are counted, the Q output then 
goes low and remains low until another input pulse is 
received, 

This ‘‘one shot” is fully retriggerable and as accurate as 
the input frequency. An external clock can be used (pin 
3 is the clock input, pins 1 and 2 are outputs) if additional 
accuracy is needed. 

Notice that a setup time equal to the desired pulse 
width output is required immediately following initial 
power up, during which time O output will be high. 
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MOTOROLA 
Semiconductors MC14543B 


BOX 20912 6 PHOENIX, ARIZONA 85036 


McMOS MSI 


BCD-TO-SEVEN SEGMENT LATCH/DECODER/DRIVER (EGWSOWEH COMPLEMENTARY 08) 


for LIQUID CRYSTALS 


BCD-TO-SEVEN SEGMENT 
LATCH/DECODER/DRIVER 


for 
LIQUID CRYSTALS 


The MC14543B BCD-to-seven segment latch/decoder/driver is 
designed for use with liquid crystal readouts, and is constructed with 
complementary MOS (CMOS) enhancement mode devices. The cir- 
cuit provides the functions of a 4-bit storage latch and an 8421 BCD.-- 
to-seven segment decoder and driver. The device has the capability 
to invert the logic levels of the output combination. The phase (Ph), 
blanking (BI), and latch disable (LD) inputs are used to reverse the 
truth table phase, blank the display,.and store a BCD code, respec- 
tively. For liquid crystal (LC) readouts, a square wave is applied to 
the Ph input of the circuit and the electrically common backplane 
of the display. the outputs of the circuit are connected directly to 
the segments of the LC readout. For other types of readouts, such 
as light-emitting diode (LED), incandescent, gas discharge, and 
fluorescent readouts, connection diagrams are given on this data 

- sheet. ‘ 
Applications include instrument (e.g., counter, DVM etc.) display 
driver, computer/calculator display driver, cockput display driver, 
and various clock, watch, and timer uses, 


tL SUFFIX P SUFFIX, 
CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 620 CASE 648 


ORDERING INFORMATION 


MC14XXXB Suffix Denotes 


i L’ Ceramic Package 
P Plastic Package 
A Extended Operating 
Temperature Range 


C Limited Operating 
Temperature Range - 


@ Logic Circuit Quiescent Current = 5.0nA/package typical @ 
5 Vde ; 


Latch Storage of Code 

Blanking Input 

Readout Blanking on Ail Illegal Input Combinations 

Direct LED (Common Anode or Cathode) Driving Capability 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range ‘ 


Pin-for-Pin Replacement for CD4056A (with Pin 7 Tied.to Vss). 





TRUTH TABLE 
OUTPUTS 


jx ti} o [xxx x! 


[+ 









Display 


eoo of/0 6 = 10 ~ = =O OO “16 
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eacnKe 
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a a) 
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= OO ale wm alo 
ooo O79 00 A]0 =~ 9 O]0 = Oo AIO 


MAXIMUM RATINGS (Voltages referenced to Vgg) 


0.5 to +18 
-0.5 toVpp+0.5) Vdc 


DC Gurrent Drain per Pin a 
Operating Temperature Range — AL Device Ta —55 to +125 
CL/CP Device —40 to +85 
Storage Temperature Rance —65 to +150. 
Maximum Continuous Output Drive Current loHmax 
(Source or Sink) per Output loLmax 
Maximum Continuous Output Power* POHmax 70 
(Source or Sink) per Output PoLmax 


*PoHmax = !OH (VOH - VoD) and PoLmax = lot (VoL - Vss) 











oe 
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t Inverse of Output Display 

Combinations as above 
Above 

X = Don’t care es 

t = Above Combinations 

* = For liquid crystal readouts, apply a square wave to Ph. 

"For common cathode LED readouts, select Ph = O. 
For common anode LED readouts, select Ph = 1. 
** = Depends upon the BCD code previously applied when LD = 1. 
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ELECTRICAL CHARACTERISTICS 


Characteristic hee 


Output Voltage “0” Level 
Vin = Vpp or 0 


“1” Level 
Vin = 0 0r Vpp 


Input Voltage # “0” Level 
(Vo = 4.5 or 0.5 Vdc) 
(Vo = 9.0 or 1.0 Vdc) 
(Vo = 13.5 or 1.5 Vdc). 
“1” Level 
(Vo = 0.5 or 4.5 Vde) 
(VQ = 1.0 or 9.0 Vdc) 
(Vo = 1.5 or 13.5 Vde) 

Output Drive Current (AL Device) 
(VOH = 2.5 Vdc) ' Source 
(VOH = 4.6 Vdc) 

(Vox = 0.5 Vdc) 

(VoH = 9.5 Vde) 

vou = 13.5 Vde) 

(VoL = 0.4 Vdc) Sink 
(VoL = 0.5 Vde) 

(Vot = 9.5 Vde) 

(VoL = 1.5 Vde) 

Output Drive Current (CL/CP Device 
(VOH = 2.5 Vdc) Source 
(VoH = 4.6 Vde) 
(VoH = 0.5 Vde) 

(VoH = 9.5 Vde) 
(VOH = 13.5 Vde) 


(VoL = 0.4 Vdc} i ‘ ; mAdc 
(VoL =0.5 Vde) - a . f 

(VoL = 9.5 Vde) 
(VoL = 1.5 Vde) ’ 


[input Current (AL Device) FSC LS AS ME 
oaooot| 203 [ =] #10] wade 


Input Capacitance 
Quiescent Current (AL Device) 
(Per Package) 


Quiescent Current (CL/CP Device} 
(Per Package) 


Total Supply Current**t | tp = (16 wA/kKHz) f+ Ipp 
(Dynamic plus Quiescent, Ip = (3.1 wA/KH2) f+ Ipp 
. Per Package) Ip = (4.7 wA/kHz) f+ Ipp 
(Cy = 50 pF on all outputs, all 
buffers switching} 





*Tlow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
zNoise immunity specified for worst-case input combination. 
Noise Margin for both "1" and “0” level = 1.0 Vde min@Vpp = 5.0 Vde 
: 2.0 Vde min @ Vpp = 10 Vde 
2.5 Vde min@ Vpop = 15 Vde 
tTo calculate total supply current at loads other than 50 pF: 
IT(CL) = 17 (50 pF) + 3.8 x 10-3 (Cy -50) Vppf 
where: 17 is in HA (per package), C__ in pF, Vpp in Vdc, and f in kHz is s input frequency. 
**The formulas oe are for the typicai characteristics only at 25°C. 
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SWITCHING CHARACTERISTICS* (C= 50 pF, Ta = 25°C) = 


Output Rise Time : : 

tr = (3.0 ns/pF) Cz +30 ns 

te = (1.5 ns/pF) C_ + 15 ns 

ty = (1.1 ns/pF) CL +10 ns 

Output Fat! Time 
te = (1.5 ns/pF) Cy +25 ns 






Typ 
rea All Types| AL Device|CL/CP Device 


tr 
180 360 400 
90 160 200 
65 100 160 
100 175 200 
te = (0.75 ns/pF) Cy + 12.5 ns 50 75 110 
t¢ = (0.55 ns/pF) C_ +95 ns 37 55 80 
Turn-Off Delay Time tPLH 
tpLy = (1.7 ns/pF) Cy +520 ns” 605 - 1100 1650 
tpe_y = (0.66 ns/pF) Cy +217 ns 250 440 660 * 
tPLH = (0.5 ns/pF) Cy + 160 ns 185 330 495 
Turn-On Delay Time THL : 
tPpHL = (1.7 ns/pF) C_ + 420 ns 1100 1650 
> tert = (0.66 ns/pF) Cy +172 ns . 440 660 
tpHL = (0.5 ns/pF) CL + 130 ns 330 495 
Minimum Setup Time . tsetup ~40 80 
: -15 30 
ae es at fae - 


Minimum Hold Time 80 120 
30 45 
20 30 


Minimum Latch Disable Pulse Width (Strobing Data) PWLD 5.0 _ 250 375 
10 100 | 150 
; 15 80 120 


*The formula given is for the typical characteristics only. 



























LOGIC DIAGRAM 
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FIGURE 1 — TYPICAL OUTPUT SOURCE FIGURE 2 ~ TYPICAL OUTPUT SINK 
CHARACTERISTICS . CHARACTERISTICS 


10H, SOURCE CURRENT (mAdc} 
lo. SINK CURRENT (mAdc) 





Vsg = 0 Vdc 
-16 -12 8.0 4.0 0 
(VOH -Vop), SOURCE DEVICE VOLTAGE (Vdc) : (VOL - Vss), SINK DEVICE VOLTAGE (Vdc) 


FIGURE 3 — DYNAMIC POWER DISIPATION 
SIGNAL WAVEFORMS FIGURE 4 — DYNAMIC SIGNAL WAVEFORMS 


(a) Inputs D, Ph, and BI low, and tnputs A, B, and LD high. 


Inputs BI and Ph low, .and Inputs D and LD high. 
f in respect to a system clock. 


' All outputs connected to respective Cy loads. 


50% Duty Cycle 


Any Output = A ae 


Vor 


{c) Data DCBA strobed into latches 


50% 
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CONNECTIONS TO VARIOUS DISPLAY READOUTS 


LIQUID CRYSTAL (LC) READOUT | INCANDESCENT READOUT 


} 


MC 14543B One of Seven Segments 
Output 
Pi Common 


Backplane Appropriate 


Voltage 


Square Wave 
(Vgs to Vop) 


LIGHT EMITTING DIODE (LED) READOUT MC 145438 
Output 
Common Common 
Cathode LED Anode LED 


MC 14543B 
Output 
Ph 
MC14543B 
Output 
Ph 
GAS DISCHARGE READOUT 


Appropriate 
Voltage 


FLUORESCENT READOUT 


MC 145438 
Output 
Ph 


MC 14543B 
Output 


Filament 
Supply 


Vss or appropriate 
= voltage below Vgs. 


This device contains circuitry to protect 

the inputs against damage due to high 

static voltages or electric fields; however, 

it is advised that normal precautions be 

taken to avoid application of any voltage 

higher than maximum rated voltages to 

this. high impedance circuit. For proper _ : 5 Vop=Pin 16 
operation it is recommended that Vi, and . Vgg =Pin8 
Vout be constrained to the range Vsg < 

(Vin Or Vout) < Vop.- 

Unused inputs must always be tied to an 

appropriate logic voltage level (e.g., either 


Vsg or Vpp). 
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-MC14549B 
~MC14559B 


McMOS MSI 


(LOW-POWER COMPLEMENTARY MOS) 


SUCCESSIVE APPROXIMATION 
REGISTERS | 


MOTOROLA | 
Semiconductors 


BOX 20912. PHOENIX, ARIZONA 85036 


SUCCESSIVE APPROXIMATION REGISTERS 


The MC14549B and MC14559B successive approximation regis- 
ters are 8-bit registers providing al! the digital control and storage 
necessary for successive approximation analog-to-digital conversion 
systems. These parts differ in only one control input. The Master 
Reset (MR) on the MC14549B is required in the cascaded mode 
when greater than 8 bits are desired. The Feed Forward (FF) of the 
MC14559B is used for register shortening where End-of-Conversion 
(EOC) is required after less than eight cycles. 

Applications for the MC14549B and MC14559B include finding 
square roots, division; ring counters, serial-to-parallel conversion, and 
analog-to-digital conversion. 

Totally Synchronous Operation 

‘All Outputs Buffered 

Single Supply Operation 

Serial Output 

Retriggerable ; 

Compatible with a Variety of Digital and Analog Systems such as 

the MC1408 8-Bit D/A Converter 

All Control Inputs Positive-Edge Triggered 

Supply Voltage Range = 3.0 Vdc to 18 Vde 

Capable of Driving Two Low-power TTL Loads, One Low-power 

Schottky TTL Load or Two HTL Loads Over the Rated Temper- 

ature Range é 


Lt SUFFIX 3 - . PSUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 


CASE 620 CASE 648 
ORDERING INFORMATION 
MC14XXXB Suffix Denotes 
ia L Ceramic Package 
P Plastic Package 
A Extended Operating 
Temperature Range 


C Limited Operating 
Temperature Range 


BLOCK DIAGRAM 





MAXIMUM RATINGS (Voltages referenced to Vss) 


symboi| Value] Unit 


es Tc 


d 
Operating Temperature Range — AL Device Ta -55 to +125 
°c 





' CLICP Device -40 to +85 


Storage Temperature Range -65 to +150 | 8 | . 


TRUTH TABLES 


Voo = Pin 16 
Vgg = Pin 8 


MC14549B MC145598 


Se BeqcafeOe [ooo] —Acvor | 
x [x | x [7 [None | 


—J— | Start 
‘Conversion 

-S Continue : 
Conversion 


#For MC145498 Pin 10 is MR input 
For MC14559B Pin 10 is FF input . 





This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voitage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 


JS Continue 
Conversion 
1 J” | Retain 
F Conversion 
Result 
C i I~ | Start 
Previous Conversion 
Operation 


t-1 = State at Previous Clock J 


is recommended that Vin and Voyt be 
constrained to the range Vss < (Vjn. or 
Vout) <Vpp. 
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vss or Vpp). 


X = Don’t Care 
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ELECTRICAL CHARACTERISTICS 




















































“0” Level 





Output Voltage 
Vin =Vpp or 0 


“Vin = 0 or Vop 


"0" Level 





input Voltage * 
(Vo = 4.5 or 0.5 Vde) 
(Vo = 9.0 or 1.0 Vdc) 
(VQ = 13.5 or 1.5 Vde) 
: “1 Level 
(Vo = 0.5 or 4.5 Vde) 
" (VQ = 1.0 of 9.0 Vdc) 
(Vo = 1.5 or 13.5 Vde) 


Output Drive Current (AL Device) 
(VOH =.2.5 Vde) Source 
(VOH = 4.6 Vdc) 

(VOH = 9.5 Vde) 
(VOH = 13.5 Vde) 






(VoL = 0.4 Vdc) Sink 
(VoL = 0.5 Vde) Q Outputs 
(VoL = 1.5 Vde) 

(VoL = 0.4 Vdc) Sink 


(VoL = 0.5 Vde) Pin 5, 11 only 
(VoL = 1.5 Vde) , 


Output Drive Current (CL/CP Device) 






(VOH = 2.5 Vde) Source 
(Vou = 4.6 Vdc) 

(VOH = 9.5 Vdc) 

(VOH = 13.5 Vde) 

(Vo- = 0.4 Vdc) Sink 
(VoL = 0.5 Vdc) Q Outputs 
(VoL = 1.5 Vde) 

(VoL = 0.4 Vde) Sink 


(VoL = 0.5 Vde} Pin 5, 11 only 
(VoL = 1.5 Vde) 


Input Current (AL Device) } 15 | 
Input Current (CL/CP Device) | is | 






Input Capacitance 
(Vin = 0) 































Quiescent Current (AL Device) 0.005 
(Per Package) 0.010 
0.015 
Quiescent Current (CL/CP Device) 0.005 
(Per Package) 0.010 
: . 0.015 
"| Total Supply Current* *t = (0.8 wA/kHz) f+ tpp 
' (Dynamic plus Quiescent, ° 10 IT = (1.6 nA/kHz) f + IppD 
Per Package) 15 ly = (2.4 “nA/kH2) f + IpD 


« (Cy = 50 pF on all outputs, all 
buffers switching) 


"Tlow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
#Noise immunity specified for worst-case input combination. 
Noise Margin for both “1 and “0” levet = 1.0 Vdc min @ Vop 
2.0 Vde MiN@ Vopp = 10 Vde 
2.5 Vde min @ Vop = 15 Vdc 
tTo calculate total supply current a loads other than 50 pF: 
IT(CL) 17 (50 pF) +2 x 10-3 (Cy. -50) Vppf 
where: IT is in uA (per package), Cy in pF, Vop in Vdc, and f in kHz is input frequency. 
“*The formulas given are for the typical characteristics only at 25°C. 


5.0 Vde 
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SWITCHING CHARACTERISTICS® (Ci = 50 pF, Ta = 25°C) 












Characteristic 


a Typ -—_ we 
oes Device | All Types bevics Device 











Output Rise Time 
= (3.0 ns/pF) Cy + 30 ns 

te = (1.5 ns/pF) C_ + 15 ns 

ty = (1.1 ns/pF) Cy + 10 ns 


Output Fatl Time 
= (1.5 ns/pF) Cy + 25 ns 

te = (0.75 ns/pF) Cy + 12.5 ns 

t¢ = (0.55 ns/pF) Cr + 9.5 ns. 


Propagation Delay Time 
Clock to Q os 
tPLH. tPpHL = (1.7 ns/pF) Cy +415 ns 
tPLH. tPHL = (0.66 ns/pF) Cy + 177 ns 
tpLH. tpHL = (0.5 ns/pF) C_ + 130 ns 
Clock to Soyt 
tPLH. tpHL = (1.7 ns/pF) CL +665 ns 
tPLH. tPpHL = (0.66 ns/pF) Cy + 277-ns 
tPLH. tpHL = (0.5 ns/pF) Cy + 195 ns 
Clock to EOC 
tPLH. tPpHL = (1.7 ns/pF) Cy + 215 ns 
tPLH. tPpHL = (0.66 ns/pF) Cy +97 ns 
tPLH. tPpHL = {0.5 ns/pF) Cy + 75 ns 


SC, D, FF or MR Setup Time 



































Minimum Clock Pulse Width 







Minimum Pulse Width — D, SC, FF or MR 
Maximum Clock Rise and Fall Time 


Maximum Clock Pulse Frequency 


lea 
om 


*The formula given is for the typical characteristics only. 
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Programmable 
Pulse 
Generator 





SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 


Voo 


ao 
Sout 


Note: Pin 10 = Vgg 


' TIMING DIAGRAM 





Clock 


sc 


: I 
TAA 
12) 
gaL alae 
0 ZZ 
sza reat tt | | 
a2 ZA 
- 8 ZZ wage 


a ee ee ee 
a4 ZZ j 
Qs LLL 
ee Se ee 

Q6 LLL 

a7 ZZ 

coc 27. : 

Sout inh a0 fat |inn [ao] a1fa2] as fa4]as [a6] a7 fa84 tnh 


— Don't care condition Ie 
tnh — Indicates Serial Out is inhibited low. : ! 
* — O8 is ninth-bit of serial information available from 8-bit register. 
Note: Pin 10 = Vss 
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OPERATING CHARACTERISTICS 


Both the MC14549B and MC145598 can be operated 
in either the “free run’’ or “strobed operation” mode for 
conversion schemes with any number of bits. Reliable 
cascading and/or recirculating operation can be achieved 
if the End of Convert (EOC) output is used as the con- 
trolling function, since with EOC = 0 (and with SC = 1 
for MC 145498 but either 1 or 0 for MC14559B) no stable 
state exists under continual clocked operation. The 
MC14559B will automatically recirculate after EOC = 1 
during externally strobed operation, provided SC = 1. 

Alt data and control inputs for these devices are trig- 
gered into the circuit on the positive edge of the clock 

- pulse, 

Operation of the various terminals is as follows: 

C = Clock — A positive-going transition of the Clock is 
required for data on any input to be strobed into the 

circuit, : 

SC = Start Convert — A conversion sequence is initi- 
ated on the positive-going transition of the SC input on 
succeeding clock cycles. : 

D = Data In — Data on this input (usually from a com- 
parator in A/D applications) is also entered into the cir- 
cuition a positive-going transition of the clock. This input 
is Schmitt triggered and synchronized to allow fast re- 
sponse and guaranteed quality of serial and parallel data. 

MR = Master Reset (MC14549B only) — Resets all out- 


put to 0 on positive-going transitions of the clock. If re- - 
moved while SC = 0, the circuit will remain reset until: 


SC = 1, This allows easy cascading of circuits. 

FF = Feed Forward (MC14559B only) — Provides reg- 
ister shortening by removing unwanted bits from a sys- 
tem. : 

For operation with fess than 8 bits, tie the output 
following the least significant bit of the circuit to EOC. 


oa 


E.g., for a 6-bit conversion, tie Q6 to FF; the part will 
respond as shown in the timing diagram less two bit times. 
Note that Q6 and Q7 will still operate and must be dis- 
regarded. . 

For 8-bit operation, FF is tied to Vss. 

For applications with more than 8 but less than 16 
bits, use the basic connections shown in Figure 1. The FF 
input of the MC14559B is used to shorten the setup. 
Tying FF directly to the least significant bit used in the 
MC14559B allows EOC to provide the cascading signal, 


‘and results in smooth transition of serial information from 


the MC14559B to the MC14549B. The Serial Out (Sout) 
inhibit structure of the MC14559B remains inactive one 
cycle after EOC goes high, while Sout of the MC14549B 


‘remains inhibited until the second clock cycle of its 
- operation, 


Qn = Data Outputs — After a conversion is-initiated the 
Q's on succeeding cycles go high and are then condition- 
ally reset dependent upon the state of the D input. Once: 
conditionally reset they remain in the proper state untit 
the circuit is either reset or reinitiated. 

EOC = End of Convert — This output goes high on the 
negative-going transition of the clock following FF = 1 
(for the MC14559B) or the conditional reset of Q7. This 
allows settling of the digital circuitry prior to the End of 
Conversion indication. Therefore either tevel or edge 
triggering can indicate complete conversion. 

Sout = Serial Out — Transmits conversion in serial 
fashion. Serial data occurs during the clock period when 
the corresponding parallel data bit is conditionally reset. 
Serial Out is inhibited on the initial period of a cycle, 
when the circuit is reset, and on the second cycle after 
EOC goes high. This provides efficient operation when 
cascaded. 


FIGURE 1 ~ 12-BIT CONVERSION SCHEME 


From A/O 
Comparator 


*FF allows EOC to activate 
as if in-4-stage register. 
* *Cascading using EOC guaranteed; 
-no stable unfunctiona! state. 


Q0 Q1Q2 03 G4 O5 Q6 Q7EOC 





1/4 MC14001 . 


O Serial Out 
(Continual 
update every 
13 clock cycles) 


MC145498 


t 


tCompletion of conversion 
automatically re-initiates 
cycle in free run mode. 


To D/A ang “SB 
Parallel Data 


i Free run mode 


External strobe 
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TYPICAL APPLICATIONS 


Externally Controlled 6-Bit ADC (Figure 2) 

Several features are shown in this application: 

@ Shortening of the register to six bits by feeding the 
seventh output bit into the FF input. 

® Continuous conversion, if 
applied to SC. 

@® Externally controlled updating (the start pulse must 
be shorter than the conversion cycle). _ 

@ The EOC output indicating that the parallel data 
are valid and that the serial output is complete. 


Continuously Cycling 8-Bit ADC (Figure 3) 


This ADC is running continuously because the EOC 
signal is fed back to the SC input, immediately initiating 
a new cycle on the next clock pulse. . : 


if a continuous signal is: 


Continuously Cycling 12-Bit ADC (Figure 4) 


Because each successive approxiamtion register (SAR) 
has a capability of handling only an eight-bit word, two 
must be cascaded to make an ADC with more than 
eight bits. : : 

When it is necessary to cascade two SAR’s, the second 
SAR must have a stable resettable state to remain in while 
awaiting a subsequent start signal. However, the first stage 
must not have a stable resettable state while recycling, 
because during switch-on or due to outside influences, the 


” first stage has entered a reset state, the entire ADC will 


remain in a stable non-functional condition. 

This 12-bit ADC is continuously recycling. The seria! 
as well as the parallel outputs are updated every thirteenth 
clock pulse. The EOC pulse indicates the completion of 


FIGURE 2 — EXTERNALLY CONTROLLED 6-BIT ADC 


Mc145498° 


.Qa90 Ql 


Q2 Q3 Q4 a5 Q6 a7 


Sout. 


FF EOC 





FIGURE 3 — CONTINUOUSLY CYCLING 8-BIT ADC 


“MC14559B 


Sout 


Qo. Qi1.a2 G3 Q4 Q5 Q6 Q7 FF EOC 
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FIGURE 4 — CONTINUOUSLY CYCLING 12-BIT ADC 


c Sout 


re MC14559B 


Q0 Q1 02 03 G4 Q5 06 a7 FF EOC 


the 12-bit conversion cycle, the end of the serial output 
word, and the validity of the parallel data output. 


Externally Controlled 12-Bit ADC (Figure 5) 


In this circuit the external pulse starts the first SAR 
and simultaneously resets the cascaded second SAR. When 
Q4 of the first SAR goes high, the second SAR starts 
conversion, and the first one stops conversion. EOC indi- 
cates that the parallel data are valid and that the seria! 
output is complete. Updating the output data is started 
with every externat control pulse. 


sc 


MR 
Q0 10203 a4 Q5 A6 Q7EOC 


© S, 
MC14549B8 «°C 





Additional Motorola Parts for Successive 
Approximation ADC 

Monolithic digital-to-analog converters — The MC1408/ 
1508 converter has eight-bit resolution and is available 
with 6, 7, and 8-bit accuracy. The amplifier-comparator 
block — The MC1407/1507 contains a high speed oper- 
ational amplifier and a high speed comparator with ad- 
justable window. : 

With these two linear parts it is possible to construct 
SA-ADCs with an accuracy of up to eight bits, using as the 
register one MC14549B or one MC 145598, An additional 
CMOS block will be necessary to generate the clock fre- 

. quency. 

Additional information on successive approximation 

ADC is found in Motorola Application Note AN-7 16. 


FIGURE 5 — EXTERNALLY CONTROLLED 12-BIT ADC 


MC145S59B 


Q0 Q1 Q2030Q4050607 FF EOC 





Cc 
Sout 


MC14549B 


ac0o1a2za3a4Qa<5a0607 EDC 
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256-BIT STATIC RANDOM ACCESS MEMORY 


The MCM14552 is a static random access memory (RAM) organ- 
ized in a 64 x 4 bit pattern. The three chip enable inputs can be used 
_as extensions of the six address inputs, creating 9-bit address scheme. 
Eight MCM14552 devices may be used to comprise a 2048-bit mem- 
ory (512 x 4) without additional address decoding. 

The mode control (M) is used to change the contro! logic charac- 
teristic of the circuit. For example,-with M high, the 3-state input 
{T) fully controls the 3-state characteristic of the output. With M 
low, the output 3-state characteristic is controlled by chip enable 
inputs (CE), write enable input (WE) and T. The latch enable (LE) 
input provides flexibility for holding output data unchanged during 
write operations as well as increasing the outputting of paired words. 

The memory is designed so that dc signals may operate the mem- 
ory, with no maximum pulse width restrictions. 

Medium speed, micropower operation, and contro! flexibility 
make the device useful in scratch pad or buffer applications where 
battery operation or high noise immunity are réquired. 


Quiescent Current = 50 #.A/package typical @ 5 Vdc 
Noise Immunity = 45% of Vpp typical 

3-state Output Capability for Memory Expansion 
Output Data Latch Eliminates Need for Storage Buffer 
Access Time = 700 ns typical @ Vpp = 10 Vde 

Fully Decoded and Buffered 

Supply Voltage Range = 3.0 Vdc to 18 Vdc 


Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range , 





MAXIMUM RATINGS (Voltages referenced to Vsg) 


aan [Symbot[ Value [Unit] 
D5 vop+ 05 
ee 


dc 
°c 


OC Supply Voltage 
Input Voitage, All Inputs 
‘DC Current Drain per Pin 


Operating Temperature Range — AL Device 


CLI/CP Device -40 to +85 


Storage Temperature Range 


This device contains circuitry to protect the inputs against damage due to high 
static voltages or. electric fields; however, it is advised that normal precautions be 
taken to avoid application of any valtage higher than maximum rated voltages 
to this high impedance circuit. For proper operation it is recommended that 
Vin and Vout be constrained to the range Vsg <(Vin OF Vout) < VOD- 


Unused inputs must always be tied to an appropriate logic voltage level (e.g., either 
Vss or Vop. 
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McMOS LSI 


(LOW-POWER COMPLEMENTARY MOS) 


256-BIT (64x 4) STATIC 
RANDOM ACCESS MEMORY 


L SUFFIX 
CERAMIC PACKAGE 
CASE 716 


P SUFFIX 
PLASTIC PACKAGE 
CASE 709 


ORDERING INFORMATION 


MCM14XXX Suffix Oenotes 

te Ceramic Package | 
Plastic Package 
Extended Operating 
Temperature Range 
Limited Operating 
Temperature Range 


PIN ASSIGNMENT 


oOo On OG & WN = 


-_ tt 
Nn = © 

















Output Voltage 
Vin = Vpp or O 







0.05 






“1"" Level 
Vin = O0r Vop 





Input Voltage# “0” Level 
(Vo = 4.5 or 0.5 Vdc) 

(Vg = 9.0 or 1.0 Vdc) 
(Vo = 13.5 or 1.5 Vde) 

: “1” Level 
(Vo = 0.5 or 4.5 Vde) 
(Vo = 1.0 or 9.0 Vde) 

(Vo = 1.5 or 13.5 Vde) 

Output Drive Current (AL Device) 

(Von = 2.5 Vde) Source 

(VoH = 4.6 Vdc) 

(Von = 9.5 Vdc) . 

(Von = 13.5 Vdc) 

(Vo_ = 0.4 Vde) Sink 

(VoL = 0.5 Vde) 

(VoL = 1.5 Vde} 

Output Drive Current (CL/CP Device) 

(VoH = 2.5 Vde) Source 

(VOH = 4.6 Vdc) 

(Von = 9.5 Vae) 

(Von = 13.5 Vde) 

(VoL = 0.4 Vdc) Sink 

(Voz = 0.5 Vde) 

(Vo. = 1.5 Vde) 


Input Current (AL Device) | lin | 
Input Current (CL/CP Device) lin | 


Input Capacitance Cin 
(Vin = 0) 


35 3.5 
7.0 7.0 
11.0 11.0 








































E ; mAdc 
0.9 
2.4 


A a SE 
20,00007[ +1.0_| — | 214.0 | uAde | 


Pt 


+0.1 


Quiescent Current (AL Device) 5.0 150 
(Per Package) 10 300 
15 600. .' 


+ 
sie 
To) 












Quiescent Current (CL/CP Device) 50 50 375 uAdc 
(Per Package) 100” - 100 750 
200 200 1500. | - 





Total Supply, Current* *t 
(Dynamic plus Quiescent, 
Per Package) 
- (Cy = 50’pF on all outputs, all 
buffers switching) 


IT = (1.98 wA/KHz) £ + Ipp uAdc 
I =(3.96 HA/kHz) f+ Ipp : 
I+ =(5.86 HA/kHz) f+ IpD 


on el SA Eel Sl 





Three-State Leakage Current 
{AL Device} 

Three-State Leakage Current ITL 
{CL/CP Device) 





Lo 
+ 
3 


*Tlow = a for AL Device, -40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
. #Noise immunity specified for worst-case input combination. 
Noise Margin for both 1°’ and 0" tevel = 1.0 Vdemin@Vpp =5 0 Vde 
; 2.0 Vde min @ Vpp = 10 Vde 
% 2.5 Vde min@Vpp = 15 Vde 
tTo calculate total supply current- oY loads other than 50: pF: 
If (Ce) = 17 (50 pF) +4 x 10-3 (Cy -50). Vopf 
where: IT is in uA (per package), C__ in pF, Vpp in Vde, and f in kHz is input frequency. 
**The formulas.given are for the typical shatavse istics omy at 25°C. 
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MCM 14552 
SWITCHING CHARACTERISTICS* (CL = 50 pF, Ta = 25°C) 


ba 
160 
Be ba 
aod 
7 80 
teyc(R) . 2000 6000 
bes 100 2200 
825 1650 
ea ee ae feel =|” 
750 Bets 2200 
1650 
Address to Strobe Setup Time at 500 750 1500 . 
. ; 150 225 450 
‘ 120 170 350 
psi 

















aa Rise Time 
= (3.0 ns/pF} Cr + 30 ns 

= (1.5 ns/pF) Cy + 15 ns 

= (1.1 ns/pF) Cy + 10 ns 
Output Fall Time 

= (1.5 ns/pF) Cy + 25 ns 

” te =(0.75 ns/pF) Cy + 12.5 ns 
te = (0.55 ns/pF) Cy + 9.5 ns 


Read Cycle Time 















































Address to Chip Enable Setup Time 2.4 tsetup(A-CE) a 
oo 600 
re 225 450 
Chip Enable to Address -Hold Time SE 150 TRG 
; 100 300 
75 225 
Strobe or Chip. Enable Pulse Width When Reading 1,2 















450 900 1800 
150 225 | 450 
100 170 350 
1200 |- 1800 3600 
600 900 1800 
400 675 1350 
Read Setup Time tsetup(R) -100 30 
= 10 
75 
Read Hold Time 180 
ns np 3a 
140 180 
3,4 
300 
Feo: 225 «| 
ee ee ae 
an 150 
60 120 


*The formula given is for the typical characteristics oniy: (continued) - 






Strobe or Chip Enable Pulse Width When Writing 

















Data Setup Time 














— 
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MCM14552 . . 


SWITCHING CHARACTERISTICS* (ci = 50 pF, Ta = 25°C) (continued) 


Vv Typ 
Write Enable Setup Time 5.0 240 480 720 
10 80 160 240 
15 55 120 180 ‘ 
Write Enable Hold Time 150 
~ 40 . 
30 


Read Access Time from Chip Enable 


tacc(R-CE) 


Read Access Time from Strobe tace(R-ST) 2000 3000 
700 © 1050 . 
; 350 800 
is | 
5.0 


Output Enable/Disable Delay from Chip Enable or 2,4 
Write Enable : 


400 600 

10 200 400 

15. 150 300 
400 ~ 600 . 

160 240 

120 180 

Latch to Output Propagation Delay LE 500 750 

200 300 

150 225 


“The formula given is for the typical characteristics.only. 


Three-State Enable/Disable Output Delay 





2100 3150 
750 1100 
400 825 


Din Din Din Din 


0 1 #2 3 ; LE T 
LOGIC DIAGRAM 4 6 8 10 20 19 
O O O O O O 


s| x 
\/ 
q 
y 
w 


11 





n 
+ 
N 
© 
a 








CE1 230 oz soy 
CE2 220 } > 0 
CE3 210 
A5 18 0 Bee 
; 3t08 |__| 
A4 170 finest 03 Dout 0 
Decoder pi | ; 
A3 160 pes: || 
aaa ©5 Dout 1 
- Memory 
pa. 07 D 
A215 0 Array out 2 
38 |_| 
pees Decoder -——J ©9 Dout 3 
AO 130 i= ae i 
rll | yoann 
. , Vsg = Pin 12 
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FIGURE 1 — READ CYCLE WAVEFORMS UTILIZING STROBE TO ACCESS MEMORY 













Vpp 
Address 
— Vss 
eet thotd(A-ST) 
—— Vpp 
Strobe 
Vss 
ne eee ces Vv 
Write Enable DD 
Vss 
thold(R) 
Vv 
Latch Enable Po 
Vss 
tacc(R-ST) 
Vv 
Data Out Oo 
VOH 
Notes: 1 — CE1, CE2, CES and T are low, M is high. 
2 — WE may be held high during the complete read cycle. 
FIGURE 2 — READ CYCLE WAVEFORMS UTILIZING CHIP ENABLE TO ACCESS MEMORY 
: Vop 
Address 
a Vss 
thold(A-CE) 
25 Voo 
Chip Enable ‘ 
Vss 
Vpp 


Three-State 







tp(cE) *— *(T) 


LMM LMM 


Notes: _ 1 — Unused CE, ST, M and T are low and WE is high. 
2 — High impedance output state occurs when any CE is high 
and M is low, or when T is high. 
3 — The output displays data from the previous state. 
4 — PW(R) 2 tace(R-CE) max: 


Vss 







VOH 
0% 
VoL 






Data Out 


M5 
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FIGURE 3 — WRITE CYCLE WAVEFORMS UTILIZING STROBE 


Vop 
Address 






= Vss 
thoid(AST) tsetup(A-ST) 
: Vop 
Strobe 


Vop 
Write Enable 
Vss 


. Voo | 
Data In 
Vss 


VOoH 
Data Out 
. parE fa VoL 
Notes: 1 — CE1, CE2, CE3 and T are maintained at the logicat ‘‘0’’ level. 

2 — Mis maintained at the logical ‘1’ level. 

3 — The output displays the contents of the previous state. 

4 — The output displays the contents of the presently addressed tocation as in a 

read modify write cycle. - 
5 — The output displays the data that was written into addressed location. 


? 


FIGURE 4 — WRITE CYCLE WAVEFORM UTILIZING CHIP ENABLE 


Address 


thold(a-GE) —>} 


tsetup(A-CE) 


sivas LLL OOM MMM a “« 


is low, for M and T maintained in the low state. 
. 2 — Unused CE's, ST, Mand T are maintained at the logical “0” level. 
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Board Strobe 


MCM 14552 


Address 
Changing 
Valid 


Address Changing 
Not Valid 


Dout Disabled 
{in high resistance state) 


Dour Enabled 
(in active state) 


Read Addressed : 
Memory Location 
{nto Output Latch 


Disable Reading 
From Memory 


Write Into Memory 


Write Disabled 


Output Latch Enabled 


Output Latch Disabled 





R= High resistance state at Doyt. 


Dour will be active if all 
CE = 0, T =0 and WE = 1 
or ifM=1andT=0 


Dour will be active if T = 0 
and WE = tor if M=1 
and 7 =0 


Disables write circuitry 


T = 1 always disables Doyt 
M = 0 and write operation 
disables Dout 


Read operation, Oout active 


If WE = 0, Din = Dout 


1 

x 

x 

x 

x 
fe 0 

1 

x 
x ‘i 

x 

; x 
POs 

1 

x 

x 

x: 

x 


wecrbfeccspbocc] afee xce | xfoccl 
pannalebornalelesnoel alae _ | oneal 


X = Don’t care condition (must be in the ‘t’’ or “0” state). 


A = An active level of either Vpp or Vgs. 1 =Ahigh level at Vop. 
R/A = An R or A condition depending on the don't care condition. 0 =A low level at Vg. 


FIGURE 5 — 512 WORD x 16 BIT MEMORY BOARD Data Inputs 


All M and CE 
inputs are 
grounded 










DO 01 D2 D3 04 DS D6 D7 D8 09D10D11 D012 013.014 D156 
| | : «be 
| MCM145582, | ‘ 2 | 
32 places | ; 
i | 
DO 01 D2 D3 D4 DS 06 D7 D8 D9D10D11 012013014 D15 


: Date Outputs 
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MOTOROLA 
Semiconductors 


BOX 20912. PHOENIX, ARIZONA 85036 


THREE-DIGIT BCD COUNTER 


The MC145538B three-digit BCD counter consists of three negative 
edge triggered BCD counters that are. cascaded synchronously. A 
quad latch at the output of each counter permits storage of any 
given count. The information is then time division multiplexed, 
providing one BCD number or digit at a time. Digit select outputs 
provide display control. All outputs are TTL compatible. 

An on-chip oscillator provides the iow-frequency scanning clock 
which drives the multiplexer output selector. , 

This device is used in instrumentation counters, clock displays, 
digital pane! meters, and as a building block for general logic 
applications. 


TTL. Outputs 

On-Chip Oscillator 

Cascadable 

Clock Disable Input 

Pulse Shaping Permits Very Slow Rise Times on Input Clock 
Output Latches 

Master Reset 





MAXIMUM RATINGS (Voltages referenced to Vgs) 


Rating [Symbot[ Value] Unit | 
DC Supply Voltage -0.5 to +18 
Input Voltage, All Inputs -0.5 to Vpp + 0.5 
[10 _—*|_ made | 


-55 to +125. °C. 
-40 to +85 





















DC Current Drain per Pin 


Vin 
DC Current per Pin, Al Outputs aa 








Operating Temperature Range — AL Device 
. ; CL/CP Device 
Storage Temperature Range 






TRUTH TABLE 
INPUTS 


MASTER 
RESET | CLOCK | DISABLE | LE OUTPUTS - 


=f 0 No Change 
‘Advance 
No Change 
Advance 
No Change 
No Change 
Latched 
. Latched 


Q0= Q1 = Q2= 
a3=0 


°o 


0 
0 
0 
oO. 
0 

0 
0 
1 





X= Don’t Care 
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MC14553B 


McMOS LSI 


(LOW-POWER COMPLEMENTARY MOS) 


THREE-DIGIT BCD COUNTER 


L SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 


CASE 620 CASE 648 
ORDERING INFORMATION 


MC14XXXB Suffix Denotes 


L Ceramic Package 
Plastic Package 
Extended Operating 
Temperature Range 
" Limited Operating 
Temperature Range 


BLOCK DIAGRAM 


4 3 


CiA CIB ao 
a1 
a2 
a3 

O.F. 


Vop = Pin 16 
Vsgsg = Pin8 





This device contains circuitry to protect 
the inputs against damage due to high 
static voitages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to 
this high impedance circuit. For proper 
operation it is recommended that Vj, and 
Vout be constrained to the range Vss < 
(Vin Or Vout) < Vpp.- 


Unused inputs must. always be tied to an 
appropriate logic voltage level (e.g., either 
Vss or Vpp). 





ELECTRICAL CHARACTERISTICS 













Output Voltage “0” Level 
Vin= Vopor 0 


VoL 


VoH 5.0 . R 
10 9.95 9.95 
16 14.95 14.96 





“1 Level 










Vin =9 or Vpop 


~ 


oo 
“N a 
oo 

















Input Voltage# 


“O" Level VIL 
(Vo = 4.6 or 0.5 Vdc) 2.25 
(Vo = 9.0 or 1.0 Vdc) 4.50 
(Vo = 13.5 or 1.5 Vde) 6.75 
“1" Level | Vin 
_ (Vo = 0.5 or 4.5 Vde) 2.75 





(Vo = 1.0 or 9.0 Vde) 
(Vo = 1.5 or 13.5 Vde) 
Output Drive Current (AL Device) - 
(VOH = 4.6 Vde) Source 
(VoH = 9.5 Vde) 
(VoH = 13.5 Vde) 
(VoL = 0.4, Vde) Sink-Pin 3 Io“ 


(VoL. = 0.5 Vde) 

(VoL = 1.5 Vde) 

(VoL = 0.4 Vde) Sink-Other Outputs} Io. 
(Voz = 0.5 Vde) 

(VoL = 1.5 Vde) 





Output Drive Current (CL/CP Device) 
(VOH = 4.6 Vdc) Source 
(VoH = 9.5 Vde) 

(VoH = 13.5 Vde) 





(Vo. = 0.4 Vde) Sink-Pin 3 loL 

(VoL = 0.5 Vdc) 

(Voz = 1.5 Vde) : 
(VoL = 0.4 Vde) Sink-Other Outputs} lor 4.0 
(VoL = 0.5 Vdc) 8 9 





(VoL = 1.5 Vde) 


Input Current (AL Device) 
tnput Current (CL/CP Device) 


Input Capacitance 
(Vin = 0) 


Quiescent Current (AL Device) 
(Per Package) 





+0.00001] +0.3 


0.010 50 


iz) 
zs 





Quiescent Current (CL/CP Device) 
(Per Package) 







Total Supply Current**t 
_ (Dynamic plus Quiescent, 
Per Package) 
(C, = 50 pF on all outputs, all 
buffers switching) 


= (0.35 #A/KHz) f+ Ipp 
= (0.85 wA/kHz) f+ !DD 
ly = (1.50 HA/kHz) f+ IDD 


4 


== 01 
aco 


*Trow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
#Noise immunity specified for worst-case input combination. 
Noise Margin for both “1” and ‘’0” level = 1.0 Vde min@ Vpp = 5.0 Vde 
2.0 Vde min@ Vpp = 10 Vde 
2.5 Vde min@ Vpop = 15 Vde 
tTo calculate total supply current at loads other than 50 pF: ; 
iT(CL) = 17 (50 pF) + 4x 10-3 (Cy -50) Vppft 
where: I is in uA (per package), Cy in pF, Vpp in Vde, and f in kHz is input frequency. 
**The formulas given are for the typical characteristics only at 25°C. 
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MC14553B " = 


SWITCHING CHARACTERISTICS* (C, = 50 pF, Ta = 25°C) 










eens =a 
AUT Device 


180 | 350 

90 150 200 

65 | 110 | 160 
we a 












Output Rise Time 
ty = (3.0 ns/pF) CL + 30 ns 
tr = (1.5 ns/pF) Cy + 15 ns 
ty = (1.1 ns/pF) Cy + 10 ns 

Output Fall Time 


‘te = (1.5 ns/pF) Cy + 25 ns 100 
te = (0:75 ns/pF) Cy + 12.5 ns 50 
te = (0.55 ns/pF) Cy + 9.5ns 37 





Clock to BCD Out [=| 
Clock to Overflow 
450 
Reset to BCD Out oe 
ss 
Clock to Latch Enable Setup Time =e 
Minimum Clock Pulse Width fie 
Minimum Reset Pulse Width hen 
Input Clock Frequency aa 
Input Clock Rise Time oe 


Scan Oscillator Freaueney. 


*The formula given is for the typical characteristics only. 





: : 
i ies 
460 . 225 
20 so 
ms 
a Hz/uF 
1.2/C1 
1.6/C1 





FIGURE 1 — AMBIENT TEMPERATURE POWER DERATING 


aes PS t+ +-— 





Pp, MAXIMUM POWER DISSIPATION (mW) 
PER PACKAGE 


0 
25 50 75 85 100 ~ 125 150 176 
; Ta, AMBIENT TEMPERATURE (°C) 
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FIGURE 2 — 3-DiGIT COUNTER TIMING DIAGRAM (Reference Figure 4) 


ano ns 
ramewonealetfSS2o BSBSSSHSIRSSRRSE 


it Ite 


Units QO 
Units Q1 
Units Q2 
Units Q3 
Tens Clock 


Tens QO 


Tens Q3 


Hundreds 
Clock 


Hundreds QO 
Hundreds Q3 
Disable 


: : 2 : . ut 
’ Overflow ee ee 


Master 
Reset 


Scan 
‘Oscillator 


| 
. ] 7 j 
Digit Select 1 Units 1 


[ I ' { 1 4 i i ! 
aeeene ges PN ae rec re IS (ora nae A Goes cena A 


1 1 1 ! i 
Digit Select 3 undies 


tat 


FIGURE 3 — SWITCHING TIME TEST CIRCUITS AND WAVEFORMS 


Pulse 
Generator 


tPLH 


BCD Out 10% 


Overflow 


Generator 
1 
- - internal 
2 Input 
BS : Latch Enable 
3 oat Fi 


BCD Out 
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The MC14553B three-digit counter, shown in Figure 4, 
consists of three negative edge-triggered BCD counters 
which are cascaded in a synchronous fashion. A quad latch 
at the output of each of the three BCD counters permits 
storage of any given count. The three sets of BCD outputs 
(active high), after going through the latches, are time 
division multiplexed, providing one BCD number or digit 
at a time. Digit select outputs (active low) are provided 
for display control. All outputs are TTL compatible. 

An on-chip oscillator provides the low frequency scan- 

ning clock which drives the multiplexer output selector. 
The frequency of the oscillator can be controlled ex- 
ternally by a capacitor between pins 3 and 4, or it can be 
overridden and -driven with an external clock at pin 4. 
Multiple devices can be cascaded using the overflow 
output, which provides one pulse for every 1000 counts. 


OPERATING CHARACTERISTICS 


The Master Reset input, when taken high, initializes the 
three BCD counters and the multiplexer scanning circuit. 
While Master Reset is high the digit scanner is set to digit 
one; but all three digit select outputs are disabled to 
prolong display life, and the scan oscillator is inhibited. _ 
The Disable input, when high, prevents the input clock 
from reaching the counters, while still-retaining the last 
count. A pulse shaping circuit at the clock input permits 
the counters to continue operating on input pulses with 
very slow rise times. Information present in the counters 
when the latch input goes high, will be stored in the 
latches and will be retained while the latch is high, 
independent of other inputs. Information can be recovered 
from the latches after the counters have been reset if 
Latch Enable remains high during the entire reset cycle. 


FIGURE 4 —- EXPANDED BLOCK DIAGRAM 


Latch Enable 


O10 


O11 
Disable 
(Active 

High) 


=> 
° 


Hundreds 


MR 
(Active High) 


" 140 
Overfiow 


Clay 


4 
OR Scan 0 
! . 3 
; Oscillator O 


Cig 
yy 4 


—. 
ci 


Pulse 
Generator 





Multiplexer 


BCD 
Outputs 
(Active 

High) 


Y VY 


20 
5S1 
(LSD) Digit Select (MSD) 
(Active Low) 


10 180 
dSs2 5S3 
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MC14553B 


MC145438 


Q0 D083 DS2 DS1 


MC 145538 


8 
nN 
fe] 
7) 
fo] 


Displays are low-current LEDs 
(tpeak < 10 mA per segment) 


FIGURE 5 — SIX-DIGIT DISPLAY 


OS3 


MC145538 
MC 14543B 


Q3 a2 a1 a0 





Circuit diagrams utilizing Motorola products are included as a means is believed to be entirely reliable. However, no responsibility is 
of illustrating typical semiconductor applications; consequently, assumed for inaccuracies. Furthermore, such information does not 


complete information sufficient for construction purposes is not convey to the purchaser of the semiconductor devices described any 
necessarily given. The information has been carefully checked and license under the patent rights of Motorola Inc. or others. 
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MOTOROLA 
Semiconductors 


BOX 20912. PHOENIX, ARIZONA 85036 


2-BIT BY 2-BIT PARALLEL BINARY MULTIPLIER 


The MC14554B 2 x 2-bit parallel binary multiplier is constructed 
with complementary MOS (CMOS) enhancement mode devices. The 
multiplier can perform the multiplication of two binary numbers 
and simultaneously add two other binary numbers to the product. 
The MC14554B has two multiplicand inputs (XO and X1), two mul- 
tiplier inputs (YO and Y1), five cascading or adding inputs (KO, K1, 
MO, M1, and M2), and five sum and carry outputs (SO, $1, $2, C1 
[S3] , and CO). The basic multiplier can be expanded into a straight- 
forward m-bit by n-bit parallel multiplier without additional logic 
elements. ; 

Application areas include arithmetic processing (multiplying/ 
adding, obtaining square roots, polynomial evaluation, obtaining 
reciprocals, and dividing), Fast Fourier Transform processing, digital 
filtering, communications (convoluation and correlation) , and process 
and machine controls. 


Diode Protection on All inputs 

All Outputs Buffered 

Quiescent Current = 5.0 nA typical @ 5 Vdc 
Straight-forward m-Bit By n-Bit Expansion 

No Additional Logic Elements Needed for Expansion 
Multipties and Adds Simultaneously 

Positive Logic Design 

Supply Voltage Range = 3.0 Vdc to 18 Vdc 


Capable of Driving Two Low-power TTL Loads, One Low-power. 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range . : 


@#e3oee8e@6¢8080 @ 





MAXIMUM RATINGS (Voltages referenced to Vgs} 


DC Supply Voltage 


PDC Current OrsinperPin—SSSSSSC~dCSCS Cd 
-40 to +85 


Operating Temperature Range — AL Device 
















. CL/CP Device 


Storage Temperature Range 





BLOCK DIAGRAM 


S=(XxY)+K+M 
Where: 


MC14554B 


McMOS MSI 


(LOW-POWER COMPLEMENTARY MOS) 


2-BIT BY 2-BIT PARALLEL 
BINARY MULTIPLIER © 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 - 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


ORDERING INFORMATION 


Suffix Denotes 


ie L. Ceramic Package 
Piastic Package 


A Extended Operating 
' Temperature Range 
Limited Operating 

Temperature Range 


MC14XXXB 





This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
it is advised that normal! precautions be 
; taken to avoid application of any voltage 
higher than. maximum rated voltages to 
this high impedance circuit. For proper 
operation it is recommended that Vin and 
Vout be constrained to the range Vgg < 
(Vin OF Vout) < VDD. 
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vgg or Vpp). . 





EQUATIONS 


x Means Arithmetic Times. 
+ Means Arithmetic Plus. 
$ = $3'S2 $1'SO, X = X1X0, Y = Y1YO, 
K = K1 KO, M = M1 MO (Binary Numbers). 
Example: ; 
Given: X = 2(10), Y = 3(11) 
K =1(01),M = 2(10) 


S=(2x3)+14+2=9 
$= (10 x 11) +01 + 10 = 1001 


Then: 


CO connected to M2 for this size multiplier. 
See general expansion diagram for other size multipliers. 


Note: | 
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MC14554B a ~ 
ELECTRICAL CHARACTERISTICS | 


Output Voltage "0" Level 
Vin =Vpp or 0 


Vin = 00r Vpop 


Input Voltage* “O” Level 
(Vo = 4.5 or 0.5 Vdc) 
(Vo = 9.0 or 1.0 Vide) 
(Vo = 13.5 or 1.5 Vde) 
“1” Level 
(Vo = 0.5 or 4.5 Vde) 
(Vo = 1.0 or 9.0 Vdc) 
(Vo = 1.5 or 13.5 Vdc) 


Output Drive Current {AL Device) 
(VOH = 2.5 Vdc) Source 
(VOH = 4:6 Vde) 
(VOH = 9.5 Vde) 
(Vou = 13.5 Vdc) 
* (Vo- = 0.4 Vdc) Sink 
(VoL = 0.5 Vde) 
(VoL = 1.5 Vde) - 
Output Drive Current (CL/CP Device) 
(VOH = 2.5 Vde) Source- 
(Von = 4.6 Vde) 
(VOH = 9.5 Vde) 
(VOH = 13.5 Vdc) 
(VoL = 0.4 Vdc) 
(VoL = 0.5 Vdc) 
(VoL = 1.5 Vde) 
| tin | 
+2 


Input Current (AL Device) 
Input Current (CL/CP Device) : 


Input Capacitance 
(Vin = 0) 


Quiescent Current (AL Device) 
(Per Package) 





ze 


0.005 
0.010 
0.015 


= (1.0 nA/kHz) f + — 
= (2.0 zpA/kHz) f+ IDD 
ly = (3.0 nA/kH2) f+ !DD 


0.05 


Quiescent Current (CL/CP Device) 
(Per Package) : 





Total Supply Current**t 
(Dynamic plus Quiescent, 
Per Package} : 
(C__ = 50 pF on all outputs, all 
__ buffers switching) 





*Tiow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
#Noise immunity specified for worst-case input combination. 
Noise Margin for both “1” and “0” level = 1.0 Vdc min @ Vpo 35 0 Vde 
2.0 Vde min @ Vpp = 10 Vde 
2.5 Vde._min @ Vop = 15 Vde 
tTo calculate total supply current at loads other than 50 pF: 
t(C_) = 17 (50 pF) + 3.5 x 10-3 (C_ —50) Vopt - 
where: ly is in “A (per package), Cy_in pF, Vpp in Vdc, and f in kHz i is input frequency, 
**The formulas given are for the typical characteristics only at 25°C. 
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SWITCHING CHARACTERISTICS* (c, = 50 pF, Ta = 25°C) 


Typ. AL CL/cP 
Symbol Vos All Types Device Device 

180 

90 

65 















ry 
= 
= 


Characteristic 






ae Rise Time 
= (3.0 ns/pF) CL +30 ns ‘ 
= (1.5 ns/pF) Cy + 15 ns 
: = (1.1 ns/pF) Cy +10 ns 


Output Fall Time 
te = (1.5 ns/pF) Cy + 25 ns 
te = (0.75 ns/pF) Cy + 12.5 ns 
ty = (0.55 ns/pF) Cy + 9.5 ns 


Propagation Delay Time 
KO to CO 
teLH. tpHL = (1.7 ns/pF) Cy + 185 ns 
tpLH. tpHL = (0.66 ns/pF) Cy + 82 ns 
tPLH. tPHL = (0.5 ns/pF) Cy + 60 ns 
MO to S2 
teLH. tPHL = (1.7 ns/pF) CL +595 ns 
tpLy. tpHL = (0.66 ns/pF) Cy + 247 ns 
tPLH. tpHL = (0.5 ns/pF) Cy + 185 ns 


*The formula given is for the typical characteristics only. 















175 
75 
55 














FIGURE 1 — DYNAMIC POWER DISSIPATION FIGURE 2 — DYNAMIC SIGNAL WAVEFORMS 
WAVEFORMS 


20 ns 20 ns 


All Inputs KO or MO 


(50% Duty Cycle) 


Output 

CO or S2 ty 

Any Output 1 

(50% Duty Cycle) ' 
All outputs connected to respective 


Cy loads. f = system clock frequency. 


For KO to CO: 
Inputs XO, X1, YO, ¥1, K1, and M2 tow, and inputs 
MO and M1 high. 
For MO to S2: . 
Inputs X1, Y1, and KO tow, and inputs XO, YO, 
K1, M1, and M2 high. 






Multiplier 
Ce! 


$s MULTIPLIER CELL 





C1u(s3) S2 : $1 so 


(AA) MOTOROLA Semiconductor Products tnc. 
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EXPANSION DIAGRAM 


m-Bit by n-Bit Parallel Binary Multiplier (Top View) 





S(m + n-1) S(m + n-2) S(m + n-3) S(m+2) . S (m+1) S(m) S(m-1) $3 S1 
- S{m-2) $2 so 


S$=(X x ¥)+K +M Where: x means Arithmetic Times. 
+ means Arithmetic Plus. 


S =S(m+n-1) S(m+ n-2) ---$2S1S0 
X= X(m-1) X (m-2) -- - X2 X1 XO, Y = ¥(n-1) ¥(n-2) --- Y2 ¥1 YO 

K = K(m-1) K(m-2) ---K2 K1 KO and M = M(n-1) M(n-2) ---M2M1MO 
(Binary Numbers). : 


Number of output binary digits = m + n 
Number of packages = mxn/4 (For m or n or both odd select next highest even number.) 


Circuit diagrams external to Motorola products are included as a means of iflustrating typical semiconductor applications; consequently, 
‘complete information sufficient for construction purposes is not necessarily given. The information in this Application Note has been care- 


fully checked and is believed to be entirely reliable. However, no responsibility is assumed for inaccuracies. Furthermore, such information 
does not convey to the purchaser of the semiconductor devices described any license under the patent rights of Motoroia Inc. or others. 
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MOTOROLA || MC14555B | 
Semiconductors | MC14556B 


BOX 20912 . PHOENIX, ARIZONA 85036 


\ McMOS SSI 
DUAL BINARY TO 1-OF-4 . . 
DECODER/DEMULTIPLEXER (LOW-POWER COMPLEMENTARY MOS) 


The MC14555B and MC14556B are constructed with comple- 
mentary MOS (CMOS) enhancement mode devices, Each Decoder/ DUAL BINARY TO 1-OF-4 
Demultiplexer has two select inputs (A and B), an active low Enable DECODER/DEMULTIPLEXER 
input (E), and four mutually exclusive outputs (Q0, Q1, Q2, O3). : 
The MC14555B has the selected output go to the “high” state, and _- Active High Outputs — MC14556B 
the MC14556B has the selected output go to the “low” state, Ex- sae tive Low Outputs — Wt tApeer 
panded decoding such as binary-to-hexadecimal (1-of-16), etc., can - 
be achieved by using other MC14555B or MC 14556B devices. 


Applications include code conversion, address decoding, memory . 
selection control, and demultiplexing (using the Enable input as a 
‘data input) in digital data transmission systems. 
@ Diode Protection on All Inputs 16 be 
1U- 1 


Noise Immunity = 45% of Vpp Typical: 
Active High or Active Low Outputs L SUFFIX P SUFFIX 
Low Quiescent Current — 5.0 nA/package typical @ 5 Vdc CERAMIC PACKAGE ~— PLASTIC PACKAGE 
Expandable ‘CASE 620 CASE 648 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 
Ail Outputs Buffered 

MC14XXXB Suffix Oenotes 


Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- at L ‘ 
: : pP 
A 
Cc 





ORDERING INFORMATION 


Ceramic Package 
Plastic Package 
Extended Operating 
Temperature Range 
Limited Operating 
Temperature Range 


ature Range 





“MAXIMUM RATINGS (Voitages referenced to Vgg) 
° '. Rating ; | Symbo! | 
[pecien bespeb ae ome 




























Operating Temperature Range — AL Device - -55 to +125 
-40 to +85 


' -65 to +150 


CL/CP Device 


Storage Temperature Range 


BLOCK DIAGRAM. 
MC14555B MC14556B 






X = Don’t Care 





2 4 * 
5 5 
3 Z 
1 _ 7 7 This device contains circuitry to protect 





the inputs against damage due to high 
Static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
14 higher ‘than maximum rated voltages to 
this high impedance circuit. For proper 
13 


18 


operation it is recommended that Vj, and 

Vout be constrained to the range Vgg < 
"(Vin oF Vour) <Vpp. 

Unused inputs must always be tied to an 

appropriate logic voltage level (e.g., either 

Vgs or Vpp). 





A ao 
B ai 
a2 
E 
Q3 
A ao 
8 / a 
: a2 
. aQ3 


Vop = Pin 16 
Vss = Pink 
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MC14555B @ MC 145568 


ELECTRICAL CHARACTERISTICS 


Output Voltage 
Vin = Vpp or 0 


“4” Level 
Vin = 0 or Vop 


Input Voltage# “0” Level 
(Vo = 4.5 or 0.5 Vde) 
(Vg = 9.0 or 1.0 Vde) 
(Vo = 13.5 or 1.5 Vde) 
“41 Level 
(Vo =-0.5 or 4.5 Vde) 
(Vg = 1.0 or 9.0 Vde) 
(Vo = 1.5 or 13.5 Vde) 

Output Drive Current (AL Device) 
(VOH = 2.5 Vde) Source 
(VOH = 4.6 Vdc) 

(VoH = 9.5 Vde) © 
(VoH = 13.5 Vde) 

(VoL = 0.4 Vde) Sink 
(VoL = 0.5 Vde) ; 
(VoL = 1.5 Vde) 

Output Drive Current (CL/CP Device). 
(VOH = 2.5 Vde) - Source 
(VoH = 4.6 Vdc) 

(VOH = 9.5 Vde) 
(VoH = 13.5 Vdc) 
(VoL = 0.4 Vde) Sink 
(Vo. = 9.5 Vdc) 
(VoL = 1.5 Vde) 


Input Current (AL Device) 
Input Current (CL/CP Device) 


Input Capacitance : 
(Vin = 0) 

Quiescent Current (AL Device) 
(Per Package) 


Quiescent Current (CL/CP Device) 
(Per Package) 


Total Suppty Current**t ; IT = (0.85 pA/kHz) f+ top 
(Dynamic plus Quiescent, Ip = (1.7 nA/KH2) f+ top 
Per Package) : ‘ 7 IT = (2.6 pA/kHz) f+ top 
(C__ = 50 pF on ali outputs, all 
buffers switching) 





*Tlow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
#Noise immunity specified for worst-case input combination. 
Noise Margin for both “1” and “0” level = 1.0 Vde min@ Vopp = 5.0 Vdc ° 
: 2.0 Vde min@ Vpp = 10 Vde 
2.5 Vde min@ Vpp = 15 Vde 
tTo calculate total supply current at loads other than 50 pF: 
It(C_) = 17(50 pF) + 2 x 1073 (Cy, —50) Vppf 
where: I7 is in uA (per package), C_ in pF, Vpp in Vde, and f in kHz is input frequency. 
**The formulas given are for the typical characteristics only at 25°C. 


(AA) MOTOROLA Semiconductor Products tnc. 
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SWITCHING CHARACTERISTICS* (Ci = 50 pF, Ta = 25°C) 














Characteristic 


Output Rise Time 
tr = (3.0 ns/pF) Cy + 30 ns 
tp = (1.5 ns/pF) CL +15 ns | 
ty = (1.1 ns/pF) Cy + 10 ns 


Output Fall Time 
te = (1.5 ns/pF) Cy + 25 ns 
te = (0.75 ns/pF) CL + 12.5 ns 
ts = (0.55 ns/pF) Cy + 9.5 ns 


Propagation Delay Time — A, B to Output 
teLH. tpHe = (1.7 ns/pF) Cy + 135 ns 
tPLH. tPHL = (0.66 ns/pF) C, + 62 ns 
tPLH. tPHL = (0.5: ns/pF) Cy + 45 ns 

Propagation Delay Time — E to Output 
tPLH. tpHe = (1.7 ns/pF) Cy + 115 ns 
tPLH. tPHL = (0.66 ns/pF) Cy + 52 ns 
tpiLH. tPpHL = (0.5 ns/pF) Cy + 40 ns 


*The formula given is for the typical characteristics only. 


FIGURE 1— DYNAMIC POWER DISSIPATION SIGNAL WAVEFORMS 
; Input E tow. 


A Inputs 


(80% Duty Cycle) Vss _ 





f 


a eres Ca 
B Inputs : 
(50% Duty Cycle) Vss 
: ee VOOH 
Output C1 VM ne VOL 


All 8 outputs connect to respective Cy loads. 
f in respect to a system clock. 


LOGIC DIAGRAM 


(1/2 of Dual) 


*Eliminated for MC14555B 


360 
180 
130 
200 
100 
80 : 
440 
190 
140 


400 
. 170 
130 


FIGURE 2 — DYNAMIC SIGNAL WAVEFORMS 
Input A high, tnput E tow. 


20 ns 20 ns 


Input B 


TPHL. 


Output Q3 
MC14556B 


'PLH 


Output Q3 
MC14555B 
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1-T0-64 BIT VARIABLE LENGTH SHIFT REGISTER 7 | 
McMOS LSI 


(LOW-POWER COMPLEMENTARY MOS) 


1-TO-64 BIT 
VARIABLE LENGTH 
SHIFT REGISTER 


The MC14557B is a static clocked serial shift register whose length 
may be programmed to be any number of bits between 1 and 64. The 
number of bits selected is equal to the sum of the subscripts of the 
enabled Length Control inputs (L1, L2, L4, L8, L16, and L32) plus 
one. Serial data may be selected from the A or B data inputs with 
the A/B select input. This feature is useful for recirculation purposes. 
A Clock Enable (CE) input is provided to allow gating of the clock 
or negative edge clocking capability. 

The device can be effectively used for variable digital delay lines 
or simply to implement odd length shift registers. 
characteristics can be found on the Family Data Sheet. 


Quiescent Current = 10 nA/package typical @ 5 Vdc 
1-64 Bit Programmable Length 
Q and G Serial Buffered Outputs 
Asynchronous Master Reset 
All Inputs Buffered 
’ No Limit On Clock Rise and Fall Times 
8 MHz Operation @ Vpp = 10 Vdc Typical 
Supply Voltage. Range = 3.0 Vdc to 18 Vde 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range 


LSUFFIX — P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 620 CASE 648 


ORDERING INFORMATION 


MC14XXXB Suffix Denotes 


; a Lt Ceramic Package 
P Plastic Package 
A Extended Operating 
Temperature Range 
C Limited Operating 





MAXIMUM RATINGS (Voltages referenced to Vss) 


Rating —*YSmbot [Valu [Unie] 
Voo Ve 
[OC Current DrainperPin Sit Ode 


Operating Temperature Range — AL Device Ta -55 to +125 °c 
CLI/CP Device ~40 to +85 © 
Storage Temperature Range . ~65 to +150 


LENGTH SELECT TRUTH TABLE 


[Tees Tee [is Tce Tar] reciner tora 

i 1) L6] 0 4) 0 1-Bit 
2-Bits 
3-Bits 
4-Bits - 
§-Bits 
6-Bits 







Temperature Range 


BLOCK DIAGRAM 


Vop = Pin 16 
Vsg = Pin8 


TRUTH TABLE 


33-Bits 
34-Bits 


61-Bits 
62-Bits 
. 63-Bits 
64-Bits 
__» Qis the output of the first selected 
shift register stage. 
X = Don’t Care. 


Note: Length equals the sum of the binary length 
control subscripts plus one. 
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ELECTRICAL CHARACTERISTICS 


Output Voltage 0" Level 
Vin = Vpp or 0 ; 


“1 Level 
Vin = 0 or Vop 


Input Voltage#* "0" Level 
(Vo = 4.5 or 0.5 Vde) 
(Vo = 9.0 or 1.0 Vdc) 
(Vo = 13.5 or 1.5 Vde) 
“41 Level 
(Vo = 0.5 or 4.5 Vde) 
(Vo = 1.0 or 9.0 Vdc) 
(Vo = 1.5 or 13.5 Vde) 

Output Drive Current (AL Device) 
(VoH = 2.5 Vde) Source 
(Von = 4.6 Vdc) 
(VoH = 9.5 Vdc) 

(Von = 13.5 Vde) 

(Voz = 0.4 Vde) Sink 
(Vo. = 0.5 Vde) 

(VoL = 1.5 Vde) 


Output Drive Current (CL/cP Devicel 
(Vox = 2.5 Vdc} Source 
(VoH = 4.6 Vdc) 

(Von = 9.5 Vde) 
(VoH = 13.5 Vde) 


(VoL = 0.4 Vde) 
(Vor = 0.5 Vde) 
(VoL = 1.5 Vde) 


Input Current (AL Device) 
Input Current (CL/CP Device} 


Input Capacitance 
(Vin = 0) 

Quiescent Current (AL Device} 
(Per Package) 


Quiescent Current (CL/CP Device} 
(Per Package) 


Total Supply Current* *t 
(Dynamic plus Quiescent, 
Per Package) 
(Cy. = 50 pF on all outputs, all 
buffers switching) 


*Tlow = -55°C for AL Device, -40°C for CL/CP: Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
=Noise immunity specified for worst-case input combination. 
Noise Margin for both "1"’ and ‘’0" level = 1.0 Vdc min @ Vop .= 5.0 Vde 
2.0 Vde min @ Vop- = 10 Vde 
: 2.5 Vde min@ Vpp = 15 Vde 
tTo calculate total supply current at loads other than 50 pF: ‘i 
IT(CL) = 17(50 pF) + 1 x 10-3 (Cy -50) VopFt 


where: Ip is in uA (per package), C,_ in pF, Vp in Vdc, and f in kHz is input jraciiacy. 


**The formulas given are for the typical characteristics only at 25°C. 


Minimum No. of | Typical Setup Time | Length Select 
Bits Selected B->CE ns Lines = 1 


a 
a 


Iy = (1.75 BA/kHz) f+ Ipp 
I = (3.5 BA/KH2) f+ Ipp 
Ip = (6.25 wA/KH2) f + IDD 


This device contains circuitry’ to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
it is advised that normal precautions be 


| taken to avoid application of any voltage 


higher than maximum rated voltages to 


this high impedance circuit. For proper 


operation it is recommended that Vip, and 
Vout be constrained to the range Vsg < 
(Vin or Vout! <= Vop.- 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vss oF Vpp). 





SETUP TIME CHART 


The nature of the length select logic causes the setup time to 
vary with the number of -bits selected. The following table 
summarizes the typical variation at Vpp = 10 V, Ta = 25°C. 
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MC14557B_— 7 : 


SWITCHING CHARACTERISTICS* (Cy = 50 pF, Ta = 26°C) 








‘ 


Characteristic 


Output Rise Time 
ty = (3.0 ns/pF) CL + 30 ns 
tr = (1.5 ns/pF) C_ + 15 ns 
ty = (1.1 ns/pF) CL + 10 ns 


Output Fall Time 
te = (1.5 ns/pF) Cyr + 25 ns 
te = (0.75 ns/pF) Cy + 12.5 ns 
te = (0.55 ns/pF) C_ +9.5 ns 


Propagation Delay Time 

(C or CE to Q or Q) 

teLH. tpHL 7 (1.7 ns/pF) Cy + 415 ns 
, tPLH. tpHL = (0.66 ns/pF) Cy + 167 ns 

teLH. tepHL = (0.5 ns/pF) Cy + 125 ns 

(R to Q or Q) . 
tpLH. tpHL = (1.7 ns/pF) Cy + 390 ns 
tPLH. teHL = (0.66 ns/pF) Cy + 157 ns 
tpLH. tpHL = (0.5 ns/pF) C_ + 115 ns 


Minimum Clock Pulse Width 


lp 





Minimum Reset Pulse Width 


Maximum Clock Pulse Frequency. 


‘ 





6.7 
No 


3.3 
No 
Limit Limit 


Maximum Clock Pulse Rise and Fall Time 


Data to Clock Setup Time (A or B to C or CE) 
L1,L2, L4, L8, L16, L32 =0 


Data to Clock Hold Time (A or B to C or CE) 
L1, L2, L4, L8, L16, L32=0 


~ 
vw 
= 
r 





“The formuta given is for the typical characteristics only. 











TIMING DIAGRAM 
Vopo 
50% a 
. Vv. 
Clock PWc ; ss 
1/PREF Vop. 
50% 
A Input Vss 
tsetu 
. Voo 
: : 50% 
Reset . oa : —Vsg ‘ 
ae R ; 
| * 
Vv 
90% OH 
50% . 
a 10% VoL 
‘ tPLH tPHL tPHL 
1-bit length: 

cE=0 
A/B=1 


L1=L2=L4=t8=L16=L32=0 


(AA) MOTOROLA Semiconductor Products Inc. - 
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Fern 
IAL] @ 
i I A 


aeRE ||| A 


Tt | 4 SiR 
ae ai 


leak a, 
ml ie S Ch) 
a » A eel A 
QI4 


Ww wv o - 
wx * ; 
IS 38 3 4 
= o 
Oo 
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BCD-TO-SEVEN SEGMENT DECODER 


The MC14558B decodes 4-bit binary coded decimal data depen- 
dent on the state of auxiliary inputs, Enable and RB!, and provides an 
active high seven-segment output for a display driver. ; 

An auxiliary input truth table is shown, in addition to the BCD 
to seven-segment truth table, to indicate the functions available with 
the two auxiliary inputs. 

Leading Zero blanking is easily obtained with an external flip-flop 
in time division multiplexed systems displaying most significant 
decade first. 


Quiescent Current = 5.0 nA/package typical @ 5 Vde 

Supply Voltage Range = 3.0 Vdc to 18 Vdc 

Segment Blanking for All illegal Input Combinations 

Lamp Test Function 

Capability for Suppression of Non-Significant Zeros 

Lamp Intensity Function 

Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range 





' MAXIMUM RATINGS (Voltages referenced to Vss) 
[ Symbot| Value [Un] 
DC Supply Voltage 
input Voltage, All Inputs 
OC Current Drain per Pin : Pot ft t0 made | 
ee eee 








Operating Temperature Range — AL Device -55 to +125 
CLICP Device -40 to +85 


Storage Temperature Range -65 to +150 





AUXILIARY INPUT TRUTH TABLE 


BCD 
Enable RBI Input RBO 
Pin 3 Pin 5 Code Pin 4 Function Performed 


Blank Segments 


Biank Segments 
1-9 Displayed 


ee Se ee ae 
REC ee ee 
pot at ot [Display Zero 
ae ee es 
mean ee 


X = Don’t Care 
RBI = Ripple Blanking Input 
RBO = Ripple Blanking Output 
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MC14558B 


McMOS MSI 


(LOW-POWER COMPLEMENTARY MOS) 


BCD-TO-SEVEN 
SEGMENT DECODER 





L SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 


CASE 620 CASE 648 
ORDERING INFORMATION 
MC14XXXB Suffix Denotes 
is lL Ceramic Package 
— P Plastic Package 
A Extended Operating 
Temperature Range 


C Limited Operating 
Temperature Range 


BLOCK DIAGRAM 


Vop = Pin 16 
Vss = Pin8 


DISPLAY 


Git e451] Ne|9) 
0 1 2 3 4 5 6 7 8 9 





Output Voltage 
Vin = Vpp or 0 


age 


Level 
Vin = Oor Vop 


input Voitage# - — “O* Level 
‘| (Vo = 4.5 or 0.5 Ve) 
(Vo = 9.0 or 1.0 Vde) 
V9 =.13.5.0F 1.5 Vde) . 
MMe “1” Level 
(Vo = 0.5 or 4.5 Vde) 
(Vg = 1.0 or 9.0 Vdc) 

| (Vo = 1.5 or 13.5 Vde) 

Output Drive Current (AL Device) 
(Von = 2.5 Vde) Source 
(Von = 4.6 Vde) 

(Von = 9.5 Vde) 
(Von = 13.5 Vde) 


(Voy = 0.4 Vde) 

(Vo = 0.5 Vde) 

(VoL = 1.5 Vde) 

Output Drive Current (CL/CP Device) 

(VoH = 2.5 Vde) Source 
(Von = 4.6 Vde) 

(Von = 9.5 Ve) 

(VoH = 13.5 Vde) 

(VoL = 0.4 Vde) 

(Vo = 0.5 Vde) 

(VoL = 1.5 Vde) 


Input Current (AL Device) ; 
tnput Current (CL/CP Device) 


Input Capacitance 
(Vig = 0) . 


Quiescent Current (AL Device) 
‘| ‘(Per Package) 


Quiescent Current (CL/CP Device) 
(Per. Package 


0.88 
. . 


0.00001] +03_| — | 1.0 | wade _ 


aid 
150 
ont ees 
ae 
20 - 


a 
eH : 300 | 
0.015 


Total. Supply Current’ *? . . iy = (1.2 wA/kHz) f + 7 
(Dynamic ptus Quiescent, I7 = (2.4 pA/kHz) f + 'IpD 
* Per Package) ly = (3.6 wA/kHz) f+ 'oD 
ACy = 50 pF on all outputs, all 7 it , 
buffers switching) = 





aN ¢ 
cc SE ne 





*Tlow.= -55°C for AL Device, -40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
#Noise immunity specified for worst-case input combination. 
Noise Margin for both “1” and “0” level = 1.0 Vde min@ Vop = 5.0 Vde 
. 2.0 Vde min @ Vop = 10 Vde 
; : : 2.5 Vde min @ Vpp = 15 Vde 
tTo calculate total supply current at loads other than 50 pF: 
 $plC_) = 17150 pF) + 4x 10-3 (C, -50) Vopf 
where: I is in uA (per package), C_ in pF, Vpp in Vdc, and fin kHz is input frequency. 
“*The formulas given are for the typical characteristics, only at 25°C. : 


_] This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is ad- 
; vised that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high im- 
pedance circuit. For proper operation it is recommended that Vin and Vout, be. constrained to the range Vsg < (Vin or Vout) 


‘© Vop- 
Unused inputs must always be tied to an appropriate logic voltage level te, g., either Vgg or Vpp). 
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MC14558B | | 


SWITCHING CHARACTERISTICS* (CL =50 pF, Ta = 25°C; see Figure 1 
sa] une 







ene 


aoue 
| val ae CLIP Bev 
180 
90 
65 
100 175 
50 75 
37 55 
580 1000 mn 
220 | 400 
145 300 





Output Rise Time 
= (3.0 ns/pF) C+ 30 ns 
ty = (1.5 ns/pF) CL + 15 ns. 
ty = (1.1 ns/pF) CL + 10 ns 
Output Fall Time. 
te = (1.5 ns/pF) C_ + 25 ns 
= (0.75 ns/pF) CL + 12.5 ns 
= (0.55 ns/pF) Cy +9.5 ns 
Propagation Delay Time 
tPLH = (1.7 ns/pF) Cy + 495 ns 
tpLH = (0.66 ns/pF) Cy + 187 ns 
tpLH = (0.5: ns/pF) Cy + 120 ns 
Propagation Delay Time 
tPHL = (1.7 ns/pF) Cy + 695 ns 
tPHL = (0.66 ns/pF) Cy + 242 ns 
tPHL = (0.5 ns/pF) Cy + 160 ns 
































red 
ann 
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*The formula given is for the typical characteristics only. 


TRUTH TABLE 
INPUTS OUTPUTS* 





*All non-valid BCD input codes produce a biank display. 
X = Don’t Care 


FIGURE 1 — SIGNAL WAVEFORMS 


Any Input 


Any Output 
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: TYPICAL APPLICATIONS 


FIGURE 2 — LEADING AND TRAILING ZERO 
SUPPRESSION WITH LAMP TEST 


N4 N3 N2 


RBI RBO ORBI RBO ORBI RBO O ORBI RBO 
En i En i En 


Lamp Test 7 





FIGURE 3 — LEADING AND TRAILING ZERO SUPPRESSION 
WITH PWM INTENSITY BLANKING AND NO LAMP TEST 





FIGURE 4 — ZERO SUPPRESSION WITH LAMP TEST 
AND INTENSITY BLANKING 


RBO 
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SUCCESSIVE APPROXIMATION REGISTERS 


The MC14549B and MC14559B successive approximation regis- 
ters are 8-bit registers providing all the digital contro! and storage 
necessary for successive approximation analog-to-digital conversion 
systems. These parts differ in only one control input. The Master 
Reset (MR) on the MC14549B is required in the cascaded mode 
when greater than 8 bits are desired. The Feed Forward (FF) of the 
MC14559B is used for register shortening where End-of-Conversion 
.{EOC) is required after less than eight cycles. 
Applications for the MC14549B and MC14559B inciude finding 
square roots, division, ring counters, serial-to-parallel conversion, and 
analog-to-digital conversion. 
Totally Synchronous Operation 
All Outputs Buffered 

' Single Supply Operation 
Serial Output 
Retriggerable * 
Compatible with a Variety of Digital and Analog Systems such a 
the MC 1408 8-Bit D/A Converter 
Alt Control inputs Positive-Edge Triggered 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL ‘Loads Over the Rated Temper- 
ature Range > 


MAXIMUM RATINGS (Voltages referenced to Vgs) __ 


ating «dS mbt Value ]_Unit ] 














DC Supply Voltage VoD -0.5 to +18 Vdc 


Input Voltage, All Inputs -0.5 to Vpp + 0.5 
DC Current Drain per Pin P10 | made | 


dc 
Operating Temperature Range — AL Device » -55 to +125 
z 


: CL/CP Device -40 to +85 
TRUTH TABLES 








Storage Temperature Range ~65 to +150 


MC14549B MC14559B 


sefocucn [waren] Coo] Acton | [Se[Beqca [EOC [oct] Acton | 
px | xt x [et [None - | [x] x [x [7 [None 


J | Reset —f~ | Start 
Conversion 
—J™ |start —I™ | Continue 
Conversion _ | Conversion 


—J™ |start —J™ | Continue 
' | Conversion Conversion 
—J” | Continue -J™ j Retain ; 
Conversion Conversion 
Result 


—J '| Continue = —_J~ | Start 
7 Previous Conversion 
Operation . : 


X= Don't Care 
t-1 = State at Previous Clock! 
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“CERAMIC PACKAGE 


MC14XXXB 








FOR COMPLETE DATA; 
SEE MC145498 





_McMOS MSI 


(LOW-POWER COMPLEMENTARY MOS) 


SUCCESSIVE APPROXIMATION 
REGISTERS 


L SUFFIX P SUFFIX 


CASE 620 _CASE 648 


ORDERING INFORMATION 


‘Suffix Denotes 


(. t ° Ceramic Package 
P Plastic Package 
A Extended Operating 
Temperature Range 


C Limited Operating. 
Temperature Range 


BLOCK DIAGRAM 


Voo = Pin 16 
Vsg = Pin 8 


#For MC14549B Pin 10 is MR input 
For MC14559B Pin 10 is FF input 





This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 


‘ advised that normal precautions be taken 


to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 


is recommended that Vin and Voy: be 
constrained to the range Vsgs < (Vj, or — 
Vout) S Vpop- 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vss or Vpp). : . 





PLASTIC PACKAGE 


MOTOROLA 
Semiconductors 


BOX 20912 . PHOENIX, ARIZONA 85036 


MC14560B 


NBCD ADDER 


McMOS MSI 


The MC14560B adds two 4-bit numbers in NBCD (natural binary (LOW-POWER COMPLEMENTARY MOS) 


coded decimal) format, resulting in sum and carry outputs in NBCD 
code. 

This device can also subtract when one set of inputs is comple- 
mented with a 9's Complementer (MC 145618). 

All inputs and outputs are active high. The carry input for the 
least significant digit is connected to Vsg for no carry in. 


@ Quiescent Current = 5.0 nA/package typical @'5 Vdc 


NBCD ADDER — 


Noise Immunity = 45% of Vpp typical 

Diode Protection on All Inputs 

Single Supply Operation — Positive or Negative 
-Fanout > 50 

Input Impedance = 1012 ohms typical 

Supply Voltage Range = 3.0 Vde to 18 Vdc 


Capable of Driving Two Low-power TTL Loads, One Low-power 
. Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range 


L SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 


CASE 620 CASE 648 
ORDERING INFORMATION 


MC14XXXB Suffix Oenotes 


Ie ti Ceramic Package 

P Plastic Package.. 
A Extended Operating 
Temperature Range 


C Limited Operating . 
Temperature Range 





MAXIMUM RATINGS (Voltages referenced to Vss) 


ating ——S~*dSCSv mbt [Valve «dCi 
Input Voltage, Alt inputs 
] DC Current Drain per Pin : re eee ae 
Operating Temperature Range — AL Device -55 to +125 [ee 
















CL/CP Device -40 to +85 


Storage Temperature Range : -65 to +150 ~ i 8 


dc 
de 
°C 
°c 
TRUTH TABLE* 


BLOCK DIAGRAM 
INPUT 


ee] AS AZ [ATOM | 


10] 


coce/8| 


o-oo;joooso 


~ 





*Partial truth table to show logic operation for representative input values. 
‘ 3 : ; 


- This device contains circuitry to protect the inputs against damage due to high 
static voltages or electric fields; however, it is advised that norma! precautions be 
‘taken to avoid application of any voltage higher than maximum rated voltages to 


’ Voo = Pin 16 
this high impedance circuit. For proper operation it is recommended that Vip, and 


Vss = Pins 


Vout be constrained to the range Vss < (Vin or Vout) < Vpp. 


Unused inputs must always be tied to an appropriate logic voltage level (eg., 
either Vs or Vpp). : 
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Output Voltage . 
Vin = Vpp or 0 


"1" Level é 
Vin = 0 0r Vop 4 


Input Voltage # “0” Level. 
(Vo = 4.5 or 0.5 Vde) 
(Vo = 9.0 or 1.0 Vdc) 
(Vg = 13.5 or 1.5 Vde) 

: “1” Level 


(Vo = 0.5 or 4.5 Vde) 
(Vo = 1.0 or 9.0 Vdc} 
(Vo = 1.5 or 13.5 Vde) 


Output Drive Current (AL Device) 
(VOH = 2.5 Vde) Source : ‘ y 
(VOH = 4.6 Vde) : ; 5 
(VOH = 9.5 Vdc) A . ), 
(VQOH = 13.5 Vde) é . . 
pot 


(VoL = 0.4 Vdc) Sink 
(VoL = 0.5 Vde) 
(Vo- = 1.5 Vde) 

Output Drive Current (CL/CP Device} 
(VOH = 2.5 Vdc) Source 
(VOH = 4.6 Vdc) 

(Von = 9.5 Vde) 
(VoH = 13.5 Vde) 


(VoL = 0.4 Vde) i | B 0. a8 
(VoL = 0.5 Vde) : . 
(VoL = 1.5 Vde) 3.0 


Input:Current (AL Device) +0. +0. oe +0.1 
Input Current (CL/CP Device) +03 +0.00001 


Input Capacitance i 
(Vin = 0) 
Quiescent Current (AL Device) 
(Per Package) . 
ae 


Total Supply Current**t ; = (1.68 aATKHz) f+1q Ipp uAdc 
‘(Dynamic plus Quiescent, 2 = (3.35 uA/kKH2z) f+ 1Q Ipp 
Per Package) , ; ; Ip = (5.03 nA/KHz)-f+!QqQ Ipp 


Quiescent Current (CL/CP Device} 
(Per Package) 


(Cy, = 50 pF on ail outputs, all 
buffers switching) 





*Tlow = ~-55°C for AL Device,  -40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
#Noise immunity specified for worst-case input combination. 
Noise Margin for both “1” and “0” level = 1.0 Vdc min@Vpp = 5.0 Vdc 
2.0 Vde min@ Vpp = 10 Vde 
2.5 Vdemin@Vpp = 15 Vde 
tTo calculate total supply ‘current at loads other than 50 pF: 
IT(CL) = b7(S0 pF) +5 x 10-3 (Cy, -50) Vppf 
where: I'y is in uA (per package); CL in pF, Vpp.in Vdc, and f in kHz is input frequency. 
**The formulas given are for the typical characteristics only at 25°C. 


Circuit diagrams utitizing Motorola products are included as a means is believed to be entirely reliable. However, no. responsibility is 
of illustrating typical semiconductor applications; consequently; assumed for inaccuracies. Furthermore, such information does not 


complete information sufficient for construction purposes is not convey to the purchaser of the semiconductor devices described any 
necessarily given. The information has been carefully checked and license under the patent rights of Motorola Inc. or others. 
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MC14560B | . | oe 3 
SWITCHING CHARACTERISTICS* (c, = 50 pF, Ta = 25°C) 


; _ Typ AL CL/cP 
; Characteristic All Types Device _ Device 
Output Rise Time 


te = (3.0 ns/pF) Cy + 30 ns 5.0 180. 350 400 
ty = (1.5 ns/pF) Cr +15 ns ; 10 90 150 200 
ty = (1.1 ns/pF) CL + 10 ns 15 65 110 160 


Output Fall Time 
te = (1.5 ns/pF) Cy + 25 ns : 5.0 100 
t¢ = (0.75 ns/pF) Cy + 12.5 ns ; 10 50 
te = (0.55 ns/pF) C_ + 9.5 ns 15 37 


Propagation Delay Time 

A.orBtoS : 
tPLH. tPHL, = (1.7 ns/pF) CL + 665 ns 
tPLH. tepHL = (0.66 ns/pF) Cy, + 297 ns 
‘tPLH. tPHL = (0.5 ns/pF) Cy, + 195 ns 

Aor B to Cout 
teLH, teHL = (1.7 ns/pF) CL + 565 ns 
tPLH. tpHL = (0.66 ns/pF) Cy + 197 ns 
toLH. tpHL = (0.5 ns/pF) Cj + 145 ns 

Cin to Cout , 
teLH. tpHE = (1.7 ns/pF) Cy + 465 ns 
tPLH. tPHL = (0.66 ns/pF) C_ + 187 ns 
teLH. tpHL = (0.5 ns/pF) Cy + 135 ns 


Turn-Off Delay Time 
Cin toS 
teLH = (1.7 ns/pF) CL + 715 ns 
tPLH = (0.66 ns/pF) Cy + 317 ns 
tpLH = (0.5 ns/pF) CL + 215 ns 


Turn-On Delay Time 
Cin to Ss 
tpHL = (1.7 ns/pF) Cy, + 565 ns 
tpHL = (0.66 ns/pF) Cy + 197 ns 
tPHL = (0.5 ns/pF) Cy + 145 ns 


*The formula given is for the typical characteristics only. 





FIGURE 1 — POWER DISSIPATION WAVEFORMS FIGURE 2 — SWITCHING TIME WAVEFORMS 


Any Input 


All Inputs 


Any Output 


————= Vou 
Any Output 
Vou 
Duty Cycle = 50% 


All outputs connected to respective C, loads 
f = System clock frequency 





‘ 
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MC14560B 2 


FUNCTIONAL EQUIVALENT LOGIC DIAGRAM 


Ls 
-_ 





Vss = Pin 8 


FIGURE 3 — PARALLEL ADD/SUBTRACT CIRCUIT 





Add/Su btract 


MC14561B 


One MC14560B and MC14561B permit a 
BCD digit to be added to or subtracted from 
a second digit, such as in this typical con- 
figuration. A second MC14561B permits 
either digit to be added to or subtracted 
from the other, or either word to appear un- 
modified at the output. 


Additional app! ications data may be found 
in Application Note AN-738. 


v TRUTH TABLE 


[Zero | Add/subtract | Result _| 
i er eee 


B plus A. 


To [a Peminas a 
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9’s COMPLEMENTER 


The MC14561B 9’s complementer jis a companion to the 
MC14560B NBCD adder to allow BCD subtraction. A BCD number. 
(8-4-2-1 code) is applied to the inputs (A1 = 20, A2= 21, A3 = 22, 
A4 = 23). If the complement control (Comp) is low, the BCD number 
appears at the outputs unmodified. The complement disable (Comp) 
allows the complement control.to be gated, or an inverted control 
signal to be used. If the complement input is high and the disable 
input low, the 9’s complement of the number is displayed at the 
outputs. -The zero control (Z), when high, forces the outputs low 
regardless of the state of the other inputs. : : 

When the MC14561B8 is used to perform BCD subtraction in con- 
junction with the MC14560B NBCD adder, the complement control 
becomes an add/subtract control. 


Quiescent Current = 5.0 nA/package typical @ 5 Vdc 
Propagation Delay = 160 ns typical at Vpp = 10 Vde 

All Inputs Buffered Se 

Supply Voltage Range = 3.0 Vdc to 18 Vdc 

Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range ; 





MAXIMUM RATINGS (Voltages referenced to Vss) 


Rating —~*Y:SSvmibl 
‘}pe Supply Voltage 


051018 
input Voltage, All Inputs ; 
DC Current Drain per Pin to ma | 


Operating Temperature Range — AL Device -55 to +125 %. 
CL/CP Device -40 to +85. 


Storage Temperature Range -65 to +150 















TRUTH TABLE 


| Fa | Mode 


A2A3 + A2a3 | A2A3A4 





X = Don’t Care. 


RAQ7 





~-MC14561B 


McMOS SSI 


(LOW-POWER COMPLEMENTARY MOS) 


9’s COMPLEMENTER |: 


L SUFFIX P SUFFIX 


; CERAMIC PACKAGE PLASTIC PACKAGE 


CASE 632 CASE 646 
ORDERING INFORMATION 


MC14XXxXB Suffix Denotes 


e L Ceramic Package 
P Plastic Package 
A Extended Operating 
Temperature Range 


C Limited Operating 
Temperature Range 





BLOCK DIAGRAM 
“Vpp = Pin 14 


This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
it is advised that normal precautions be 
taken. to avoid. application of any voltage 
higher than maximum rated voltages to 
this high impedance circuit. For proper 
operation it is recommended that Vjp and 
Vout be constrained to the range Vgg <— 
(Vin or Vout) < Vop- 


Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vgg or Vpp). : 





MC14561B | Oo | 


ELECTRICAL CHARACTERISTICS 


Output Voltage “0"" Level 
Vin = Vpp or 0 


: “1° Level 
Vin = 0 or Vpp 


4 
< 
GS 


Input Voitage# “O" Level 
(Vo = 4.5 or 0.5 Vdc} 

(Vo = 9.0 or 1.0 Vde) 

(Vo = 13.5 or 1.5 Vde) 


\ 


“1 Level 

(Vo = 0.5 or 4.5 Vde) 
(Vo = 1.0 or 9.0 Vde) 
(Vo = 1.5 or 13.5°Vde) 

Output Drive Current (AL Device) 
(VOH = 2.5 Vde) Source 
(VoH = 4.6 Vdc) 
(VOH = 9.5 Vdc) 
(Von = 13.5 Vde) 
(VoL = 0.4 Vdc) Sink 
(VoL = 0.5 Vde) 
(VoL = 1.5 Vde) 

Output Drive Current (CL/CP Device) 
(VOH = 2.5 Vde) Source 
(VOH = 4.6 Vdc) - 
(Von = 9.5 Vde) 
(Von = 13.5 Vde) “1. ; 

| | (Voy = 0.4 Vde) ‘Si 52° : 0.88 
N (VoL = 0.5 Vde) : a ze 

(VoL = 1.5 Vde) 


Input Current (AL Device) +0.1 +0.00001,} +0.1 
Input Current (CL/CP Device) +03 +0.00001} +03 . 


Input Capacitance H 
(Vin = 0) 


Quiescent Current (AL Device) x 0.005 
(Per Package) 0.010 
, 0.015 





“ 
a 


Quiescent Current (CL/CP Device) 
(Per Package) 


eaaenin= 
told 





Total Supply Current* *t Ip = (1.5 pA/kHz) f+ Ipp 
(Dynamic plus Quiescent, Iv = (3.0 wA/kHz) f+ Ipp 
Per Package} Ip = (4.5 HA/kHz) f+ IpD 
(CL = 50 pF on all outputs, all: 
buffers switching) 





“Tow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
Noise immunity specified for worst-case input combination. 
Noise Margin for both 1" and ‘'0" tevel = 1.0 Vde min@Vpp = 5.0 Vde 
2.0 Vde min@ Vpp = 10 Vde 
2.5 Vde min @Vpp = 15 Vde 
tTo calculate total supply current at loads other than 50 pF: 
I(CL) = 17 (50 pF) +4 x 10-3 (C, -50) Vopf - 
_ where: I7 is in wA (per package), Cin pF, Vpp in Vdc, and f in. kHz is input frequency. 
**The formulas given are for the typical characteristics only at 25°C. . 
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SWITCHING CHARACTERISTICS* (Cc, =50 pF, Ta = 25°C) 


Characteristic : Symbol 


a 
All Types CL/CP Device 
180 400 
90 200 
; . 65 160 
Output Fall Time 
tf = (1.5 ns/pF) Cy +25 ns ; 175 200 
te = (0.75 ns/pF) Cy + 12.5 ns 75 100 
te = (0.55 ns/pF) Ci +9.5ns 55 80 


Output Rise Time 


ty = (3.0 ns/pF) Cr + 30 ns 
ty = (1.5 ns/pF) CL + 15 ns 
ty = (1.1 ns/pF) CL +10 ns 


tPLH. tPHL. = (1.7 ns/pF) Cy +315 ns 
tpLH, tpHL = (0.66 ns/pF) Cy + 127 ns 
tPLH, tpHL = (0.5 ns/pF) C_ +95 ns 





Propagation Delay Time ‘ ; . 
600 1000 
240 400 
180 300 


*The formula given is for the typical characteristics only. 


FIGURE 1 — SWITCHING TIME WAVEFORMS 


Any Input 
10% 


[7 a You 
Any Output 50% 
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LOGIC DIAGRAM 
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Vop = Pin 14 
Vss = Pin 7 


\/ V 





TRUTH TABLE — COMPLEMENT MODE 
(Z = 0, Comp = 1, Comp = 0) 
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TYPICAL APPLICATIONS 


One MC14560B and one MC14561B permit a BCD digit 
to be added to or subtracted from a second digit, such as 
in the typical configurations in Figures 2 and 3. A second 
MC14561B permits either digit to be added to or subtract- 
ed from the other, or either word to appear unmodified 
at the output. 


FIGURE 2 — PARALLEL ADD/SUBTRACT CIRCUIT (10’s COMPLEMENT) 


Add/Subtract 


MC 1456 1B 


TRUTH TABLE 


Add/Subtract 
Po | Bea | 


X = Don’t Care’ 
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MC14561B i 


FIGURE 3 - SERIAL ADD/SUBTRACT CIRCUIT 


Type D 
Flip-Flop 


Add/Subtract 


Result 


B Register 





Circuit diagrams external to Motorola products are included as a means of illustrating typical semiconductor applications; consequently, - 


complete information sufficient for construction purposes is not necessarily given. The information in this Application Note has been care- 
fully checked and is believed to be entirely reliable. However, no responsibility is assumed for inaccuracies. Furthermore, such information 
does not convey to the purchaser of the semiconductor devices described any license under the patent rights of Motorola Inc. or others, 
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128-BIT STATIC SHIFT REGISTER 


The MC14562B is a 128-bit static shift register constructed with 
MOS P-channel and N-channel enhancement mode devices in a single 
monolithic structure. Data is clocked in and out of the shift register 
on the positive edge of the clock input. Data outputs are available 
every 16 bits, from 16 through bit 128. This complementary MOS 
shift register is primarily used where low power dissipation and/or 


high noise immunity is desired. 
@ Diode Protection on All Inputs 
Noise Immunity = 45% of Vpp typical 
Single Supply Operation — Positive or Negative 
Fully Static Operation 
Exceedingly Slow Input Transition Rates May Be Applied to the 
Clock Input 
5.6 MHz Operation @ Vpp = 10 Vdc 
Cascadable to Provide Longer Shift Register Lengths — 1.5 MHz 
Operation @ Vpp = 10 Vdc 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 
Capable of Driving Two Low-power TTL Loads, One Low-power 


Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range 





MAXIMUM RATINGS (Voltages referenced to Vs) 


ting YS 
foc GiregeOcingerfin 
Operating Temperature Range — AL. Device _ 755 to +125 % 
; j CL/CP Device : -40 to +85 


Storage Temperature Range | ~65 to +150 















LOGIC DIAGRAM 





MC14562B 


McMOS LSI 


(LOW-POWER COMPLEMENTARY MOS) 


128-BIT STATIC SHIFT 
REGISTER © 


1 


_ LL SUFFIX P SUFFIX — 
CERAMIC PACKAGE PLASTIC PACKAGE - 


CASE 632 CASE 646 
ORDERING INFORMATION 


MC14XXXB Suffix Denotes 


i Ceramic Package 
Plastic Package 


Extended Operating 
Temperature Range 
Limited Operating 

Temperature Range 





BLOCK DIAGRAM 


Pins 4 and 11 Vop = Pin 14 


not used. Vgg = Pin7 





MC14562B 
ELECTRICAL CHARACTERISTICS 


Output Voitage 
Vin = Vpop or 0 


; Vin = 9 or Vop 


Input Voltage# 
(Vo = 4.5 or 0.5 Vde) 
(Vo = 9.0 or 1.0 Vdc) 
(Vo = 13.5 or 1.5 Vde) 
“4” Level 
(Vo = 0.5 or 4.5 Vde) 
(Vo = 1.0 of 9.0 Vde) 
(Vo = 1.5 or 13.5 Vde) 

Output Drive Current (AL Device) 
(VOH = 2.5 Vde) Source 
(VoH = 4.6 Vde) 

(Von = 9.5 Vde) 

(Von = 13.5 Vde) 

(VoL = 0.4 Vde} Sink 
(VoL = 0.5 Vde) 

(Vox = 1.5 Vdc) 

Output Drive Current (CL/CP Device) 
(VOH = 2.5 Vdc} Source 
(VoH = 4.6 Vdc) 

(VoH = 9.5 Vde) 
(VoH = 13.5 Vde) 


(VoL = 0.4 Vde) 0.88 
(VOL = 0.5 Vde) ; 2.25 : 
(VoL = 1.5 Vde) . 


[1.0 | uAde | 
[= [#000001 sos [— [210 | 


wAdc | 
Input Capacitance 5; 75 pF 
(Vin = 0): , 
0010 150 
0.020 300. 
eee ete | 


Quiescent Current (CL/CP Device) ~ 0.010 50 375 
(Per Package) ; 0.020 100 750 
oo 0.030 | 200 1500 


Total Supply Current* *t I = (4.94 pA/kKH2) f + Ipp ; 
{Dynamic plus Quiescent, . _ bp = (3.81 vA/kKH2) f + Ipp 

Per Package) ; I = (5.52 nA/kH2) f + Ippo 

(C1, = 50 pF on all outputs, all 
buffers switching) 





"Tow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh.= +125°C for AL Device, 85°C for CL/CP Device. _ 
#Noise immunity specified for worst-case input combination. 
Noise Margin for both 1" and ‘’0" level = 1.0 Vde min@ Vop = 5.0 Vde 
: 2.0 Vdc min@ Vpp = 10 Vde 
! 2.5 Vde min@ Vpp = 15 Vde 
tTo caicutate total supply current at loads other than 50 pF: es ! 
tr(C_) = 17 (50 pF) + 4 x 10-3 (C_ —50) Vopf 
where: 17 is in wA (per package), C_ in pF, Vpp in Vde, and f in kHz is input frequency. 
**The formulas given are for the typical characteristics only at 25°C. | 


This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high im- 
pedance circuit. For proper operation it is recommended that Vip and Vout be constrained to the range Vsgg < (Vin or Vout) 
<Vpp. 





Unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vsg or Vpp). 
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SWITCHING CHARACTERISTICS* (Cc, =50 pF, Ta = 25°C) 


At | CL/cP Typ AL | cL/cP 
_ Characteristic Device | All Types | Device | Device | Unit 
180 400 
90 200 
: 65 160 
Output Fall Time ° 
te = (1.5 ns/pF) Cy + 25 ns ; 175 200 
t¢ = (0.75 ns/pF) Cy + 12.5 ns 75° 100 
te = (0.55 ns/pF) Cr +9.5 ns 55 80 





Output Rise Time 
- ty = (3.0 ns/pF) Cy + 30 ns 
‘te = (1.5 ns/pF) Cy +15 ns 


ty = (1.1 ns/pF) Cy +10 ns 


Propagation Delay Time 
Clock to Q 
tpLH. teHL = (1.7 ns/pF) Cy +515 ns 
“ tPLH. tepHE = (0.66 ns/pF) CL: + 217 ns 
tPLH. tpHL = (0.5 ns/pF) Cy + 145 ns 


Minimum Clock Pulse Width 
(50% Duty Cycle) 


900 
375 
255 


Maximum Clock Pulse Frequency 


‘Data to Clock Setup Time 


Data to Clock Hold Time ~ thotd “1” 


*The formula given is for the typical characteristics only. 





320 
170 





ns 





FIGURE 1 — POWER DISSIPATION TEST CIRCUIT AND WAVEFORMS 


fo 
Clock 


Data 
(f = %f) 
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TIMING DIAGRAM 


Pin 


No‘’s  |+ Pulse 1--| , lePulse 16+, |~+Pulse 32+| Pulse 128-| 


Clock a ae tf XeP MEL VL OLS Io Nelfo NG es 
Data In 2 f  \_ . 

016 10 a. 

032 13 / \ 

Q128 3 | a. 





AC TEST WAVEFORMS 


Pulse 16 Pulse 17 
50% 50% 


fered es 


L 
50% 


ee las 


Thold-gy 


tPLH 


Note: The remaining Data-8it Outputs (O32, 48, 64, ABO, Q96,0112 and Q128) will occur at 
Clock Pulse 32, 48, 64, 80, 96, 112, 128 in the same relationship as Q16. 
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INDUSTRIAL TIME BASE GENERATOR 


McMOS MSI 


(LOW-POWER COMPLEMENTARY MOS) 


The MC 145668 industrial time base generator is constructed with 
MOS P-channel and N-channel enhancement mode devices in a single 
monolithic structure. This device consists of a divide-by-10 ripple 
counter and a divide-by-5 or divide-by-6. ripple counter to permit 
stable time generation from a 50 or 60 Hz line. By cascading this 

_ device as divide-by-60 counters, seconds and minutes can be counted 
and are available in BCD format at the circuit outputs. An internal 
monostable multivibrator is included whose output can be used as a 
reset or clock pulse providing additional frequency flexibility. Also a 
pin has been included to allow divide-by-5 counting for generating 
1.0 Hz from European 50 Hz line. 


INDUSTRIAL 
TIME BASE GENERATOR 


@ Negative Edge Triggered Counters for Ease of Cascading 
Pulse Shapers on Counter Inputs Accept Slow Input Rise Times 
Monostable Multivibrator Positive or Negative Edge Triggered 
Noise Immunity = 45% of Vpp typical : 
Diode Protection on All Inputs 
Quiescent Current = 5.0 nA/package typical @ 5 Vdc 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range 


L SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 620 CASE 648 





MAXIMUM RATINGS (Voltages referenced to Vss) 


oni 
| 
[Dc Current Drain perPin Sit 1 | 10+ mae | 












ORDERING INFORMATION 







MC14XXXB Suffix Denotes 


in 
Operating Temperature Range — AL Device Ta -55 to +125 L L Ceramic Package 
P Plastic Package 


CL/CP Device ~40 to +85 
A Extended Operating 


Storage Temperature Range -65 to +150 Temperature Range 


, ° C Limited Operating 
Temperature Range 





EXPANDED BLOCK DIAGRAM 





BLOCK DIAGRAM 


Mono- 

stable 

Multi- 
vibrator 


Voo = Pin 16 
Vss = Pin8 
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-| Output Voltage “"0" Level 
Vin = Vpp or 0 


“41” Level 
Vin = 90r Vpp 


Input Voltage # “O" Level 
(Vg = 4.5 or 0.5 Vdc) 
(Vo = 9.0 or 1.0 Vde} 
(Vg = 13.5 or 1.5 Vde) 


"1" Level 

(Vg = 0.5 or 4.5 Vac) 
(Vo = 1.0 or 9.0 Vdc} 
{Vo = 1.5 or 13.5 Vde) 

Output Drive Current (AL Device) 
(VOH = 2.5 Vde) Source 
(VoH = 4.6 Vdc) 

- (Von = 9.5 Vde) 

(Von = 13.5 Vde) 
(VoL = 0.4 Vde) Sink 
(VoL = 0.5 Vdc) 
(VoL = 1.5 Vde) 

Output Drive Current (CL/CP Device) 
(VoH = 2.5 Vdc) Source 
(VOH = 4.6 Vdc) 
(Von = 9.5 Vdc) ; 
(Von = 13.5 Ve) 2s 5 | 
(VoL = 0.4 Vdc) Sink i 0.88 
(VOL = 0.5 Vde). : 2.25 
(Vo~ = 1.5 Vde) ( 8.8 


Input Current (AL Device) 
Input Current (CL/CP. Device) 


Input Capacitance 
(Vin = 0) ‘ 
Quiescent Current (AL Device) : 0.005 
(Per Package) 0.010 
L 0.015 
Quiescent Current (CL/CP Device) 0.005 
(Per Package) ; 0.010 
; ( 0.015 
Total Supply Current**t It = (1.0 wA/kH2) f + Ippb 
(Dynamic pius Quiescent, . IT = (2.0 zA/kHz) f+ Ipp 


Per Package) It = (3.0 BA/kHz) f+ IDD 
(CL = 50 pF on all outputs, all 


buffers switching) 





*Tiow = -B5°C for AL Device, -40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
#Noise immunity specified for worst-case input combination. : : : ‘ 
Noise Margin for both 1" and ‘0’ level = 1.0 Vde min@ Vpp = 5.0 Vde 
: 2.0 Vde min@ Vpop = 10 Vde 
2.5 Vde min @ Vpop = 15 Vde 
tTo calculate total supply current at loads other than 50 pF: 
IT(CL) = 1750 pF) + 1.x 10-3 (C, -50) Vopft 
where: It is in wA (per package), Cy in pF, Vpp in Vde, and f in kHz is input frequency. 
**The formulas given are for the typical characteristics only at 25°C. 






This device contains circuitry to protect 
the inputs against damage due to high 
Static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
‘higher than maximum rated voltages to 
this high impedance circuit. For proper 
operation it is recommended that Vj, and 
Vout be constrained to the range Vgg < 
{Vin OF. Vout) < Vop- 

Unused inputs must always be tied to an 
appropriate logic voitage level (e.g., either 
Vss or Vpp). 
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SWITCHING CHARACTERISTICS*® (c;, =50 pF, Ta = 25°C) 


Characteristic 

Output Rise Time 

ty = (3.0 ns/pF) Cy +30 ns 

tr = (1.5 ns/pF) C_ + 15 ns 

ty = (1.1 ns/pF) CL + 10 ns 
Output Fall Time 

te = (1.5 ns/pF) Cy + 25 ns 

te = (0.75 ns/pF) Cy + 12.5 ns 

_ te = (0.55 ns/pF) CL + 9.5 ns 

Propagation Delay Time, Clock to Q3, 

tPLH-tPHL = (1.7 ns/pF) Cy, + 1365 ns 

tPLH.tPHL = (0.66 ns/pF) C, + 497 ns 

tPpLH tPHL, = (0.5 ns/pF) Cy + 295 ns 
Propagation Delay Time, Reset to Q3,a 

tPHL = (1.7 ns/pF) C,_ + 845 ns 

tpHt = (0.66 ns/pF) Cy + 282 ns 

tPHL = (0.5 ns/pF) CL + 185 ns 
Minimum Clock Pulse Width 


Minimum Reset Pulse Width 
Maximum Clock Pulse Frequency 
Maximum Clock Pulse Rise and Fall Time 


Monostable. Multivibrator Pulse Width 


*The formula given is for the typical characteristics only. 


ore 


a 
Device | All ashe 


180 
a 


100 
50 
37° 


1450 
530 
320 


400 
125 
90 


400 
125 
90 


FIGURE 1 — POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 


Ny 


Vin 


Pulse oe 
Generator Q 
1, 


Q2, 


Q3p 
Q0g 
Qig 
Q2g 

Qn 


350 
150 
110 


176 
75 
55 


3000 
1000 


@) MOTOROLA Semiconductor Products inc. 
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400 
200 
160 
200 
100 
80 
4500 
‘1500 
1000 


3000 
1000 
750 


1200 
400 
270. 
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FIGURE 2 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 






Programmable 
Pulse 
Generator 


O CL CL CL CL CL CL 


Note: Assume + 10 Counter at 
"6" and + 5/6 Counter at 
“2” at beginning of 
sequence. 







+10 or +5/6 
Clock and B 


Q3, or 


MOTOROLA Semiconductor Products Inc. - 
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TIMING DIAGRAM 


Divide-By-10 Counter 


0 1 2 3 4 5 6 7 8 9 o 4 


Divide-By 5/6 Counter 
0 1 2 3 4 5 ce) 1 2 3 4 (a) 


Clock j | j | j [ | j j f j | f | j 
Reset | ' . 
Control : : f : 
+5/6 J : 
Qi ZZA j | | | 
a2 ZA | | [ | 





Monostabie Multivibrator 


Aa = Don’t Care 
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APPLICATION — 12 HOUR CLOCK 


“<10Mm* | 
60 Hz oO 


Tenth 
Seconds 


> 1500 pF* aR. | 








L Seconds 





Minutes 





+ 5/6 Control nat shown = Vss ' 


Reset pins not shown = Vgg 


*Care must be taken in the indicated circuit to filter line 
transients which may cause ‘‘false’’ counting. 


Circuit diagrams utilizing Motorola products are included as a means is believed to be entirely reliable. However, no responsibility is 
of illustrating typical semiconductor applications; consequentiy, assumed for inaccuracies. Furthermore, such information does not 


complete information sufficient for construction purposes is not convey to the purchaser of the semiconductor devices described any 
. Necessarity given. The information has been carefully checked and license under the patent rights of Motorola inc. or others. 
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Advance Information -McMOS MSI 


(LOW-POWER COMPLEMENTARY MOS) 











PHASE COMPARATOR AND 
PROGRAMMABLE COUNTERS 


‘The MC14568B consists of a phase comparator, a divide-by-4, 16, 
64 or 100 counter and a programmable divide-by-N 4-bit binary 
counter (all positive-edge triggered) constructed with MOS P-channel 
and N-channel enhancement mode devices (complementary MOS) 
in a single: monolithic structure. 


This device can be used with: 


PHASE COMPARATOR 


AND PROGRAMMABLE 
COUNTERS 


® Both counters cascaded and the output of the second counter 
connected to the phase comparator (CTL high). 


@ Separate use of the programmable divide-by-N counter, for 
example cascaded with MC14569B. (CTL low), MC14522B or 


_ MC14526B. L SUFFIX P SUFFIX 


CERAMIC PACKAGE PLASTIC PACKAGE 


The MC14568B has been designed for use in conjunction with a pro- eee ese hase eas 


grammable divide-by-N counter for frequency synthesizers and phase 
locked loop applications requiring low power dissipation and/or high ORDERING INFORMATION 
noise immunity. _ ‘ 


®@ Quiescent Current = 5.0 nA typ/pkg @ 5 Vdc MEER Subtine: “Denares 


: : is lL Ceramic Package 
P Plastic Package 
A Extended Operating 
Temperature Range 
C Limited Operating 


Temperature Range 





MAXIMUM RATINGS (Voitages referenced to Vgs) _ ; 


[ating ———SSSSCS~*dzCS mbt [Vatu —*d 
DC Supply Voltage ‘ -0.5 to +18 
tnput Voltage, All Inputs 


Operating Temperature Range — AL. Device -55 to +125 TRUTH TABLE 
__ CL/CP Device | _ 740 to +85 


Storage Temperature Range 









The divide-by-zero state on the programmabie 
divide-by-N 4-bit binary counter, D2, is illegal. 


CTt HIGH CTt LOW 


Programmable 
Counter D2 


Vss = Pins 





This is advance information and specifications are subject to change without notice. 
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ELECTRICAL CHARACTERISTICS 









Output Voltage 
Vin =Vpp or O 





















"1" Level 
Vin =O 0r Vpp 





Input Voitage# "0" Level 
(Vo = 4.5 or 0.5 Vdc) 
(Vo = 9.0 or 1.0 Vde) 


(Vo = 13.5 or 1.5 Vde) 


2.25 
4.50 


. “1 Level 
. (Vg = 0.5 or 4.5 Vdc) 
(Vo = 1.0 or 9.0 Vde) 
(Vo = 1.5 or 13.5 Vde) 
Output Drive Current (AL Device) 
(VOH = 2.5 Vdc) Source 
(VOH = 4.6 Vdc) 

(VOH = 9.5 Vde) 

(VoH = 13.5 Vde) 

(VoL = 0.4 Vde) Sink 
(VoL = 0.5 Vde) 
(VoL = 1.5 Vde) 
Output Drive Current (CL/CP Device). 
(VOH = 2.5 Vde) Source 
(VOH = 4.6 Vde) 

(VQOH = 9.5 Vde) 

(VQH = 13.5 Vdc) 


(VoL = 0.4 Vdc) Sink 
(VoL = 0.5 Vde) 
(VOL = 1.5 Vde) 


Input Current (AL Device) | lin [15 | 
Input Current (CL/CP Device) Plin = 1 15] 


Vde 













mAdc 


mAdc 


[| HAde | 
wade | 




















0.36 


0.9 

2.4 
a 
mae 
nes 


mAdc 







0.51 0.88 
1.3 2.25 


+0.00001 | +0.1 
+0.00001] +0.3- 
300 


600 
0.005 : 150 Adc 
0.010 300... 
0.015 80 600 


It = (0.2 hA/KHz) f + IDD 


IT = (0.4 BA/KH2) f+ lpp 
‘I = (0.9 BA/kKHz) f + Ipp 


uAdc 
* Ade 





~ 


.Enput Capacitance Cin 
(Vin = 9) 

Quiescent Current (AL Device) 
(Per Package) 






150 uAdc 


-0 
ie) 









N 
o 





Quiescent Current {(CL/CP. Device) 
(Per Package) 


BN 
oo 


Total Supply Current*" t 
(Dynamic plus Quiescent, 
Per Package) 
(Cy © 50 pF-on all outputs, all 
buffers switching) 


Three-State Leakage Current,Pins1,13 | IT 
(AL Device) 





















Three-State Leakage Current, Pins 1, 13 ITL 
(CL/CP Devices) — 






*Tow * -55°C for AL Device, -40°C for CL/CP Device. : This device contains circuitry to protect 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. the inputs against damage due to high 
Noise immunity specified for worst-case input combination. ; static pte ee grt ees choad. 
d 2 Sebi sia 7 : it is advised that normal precautions be 
Noise Margin for both ‘'1"' and ‘0’ fevel = 1.0 Vdc not @Vpp = 5.0 Vde taken to avoid application e any voltage 
2.0 Vde min @ Vpop - 10 Vde : higher than maximum rated voltages to 

2.5 Vdemin@Vpp = 15Vde - this high impedance circuit. For proper 


tTo calculate total supply current at loads other than 50 pF: Operation it is recommended that Vin and 
IT(C_) = 17 (50 pF) + 1x 10-3 (CL -50) Vppf pout See 

; i < . 

where: 17 is in wA (per package), Cy in pF, Vpp in Vdc, and f in kHz is input frequency. ie ae Aaa s 


**The formulas given are for the typical characteristics only at 25°C. p Riueeeel snputs mast always: He tied 20-80 


appropriate logic voltage level (e.g., either 


Vsg or Vpp). 
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SUUTCHING CHARACTERISTICS (C, = 50 pF, Ta = 25°C): 


An Typical 
Characteristic ; L All Types AL cL/cP 
: Device | Device 
Output Rise Time 350 400 
150 200 
110 160 


Output Fall Time 175 200 


100 


Minimum Pulse Width, C1, Q1/C2, or PCin Input 


Maximum Clock Rise and Fall Time, 
C1, Q1/C2, or PCjn Input 





PHASE COMPARATOR 


[input Resistance —SSSCSC~*~“‘~*~*‘“‘*~*~S*”CRN~«d BT TS 
Input Sensitivity, DC Coupled | — | 5.0to 15] 


Turn-Off Detay Time, 
PCout and PCPoyt Outputs 
























See Input a 


550 ss 1375 
195 me 
120 a 


675 1000 1 = 
300 450 750 
190 285 475 












Turn-On Delay Time, 
PCout and PCPout Outputs 










DIVIDE-BY-4, 16,64 OR 100.COUNTER (D1) 


Maximum Clock Pulse Frequency 
Division Ratio = 4, 64 or 100 








- Division Ratio = 16 








Propagation Delay Time, Q1/C2 Output 
Division Ratio = 4,64 or 100 







Division Ratio = 16 


PROGRAMMABLE DIVIDE-BY-N 4-BIT COUNTER (D2) 


Maximum Clock Pulse Frequency 
(Figure 3a) 


Turn-Off Delay Time, ‘’0” Output 
(Figure 3a) 


Minimum Preset Enable Pulse Width 
(Figure 3b) 


1.0 R 
; 2.5 5 
3.0 
Turn-On Delay Time, ‘0’ Output 
(Figure 3a) 
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SWITCHING TIME TEST CIRCUITS AND WAVEFORMS 
FIGURE 1 — PHASE COMPARATOR 
A lags B, PCgy is low. A leads B, PCout is high. 





“O" out REF 


PCin 
PG1 


Pulse 
Generator 1 


Pulse 


Generator 2 tPHL 
— —VOH 
Three-State 


FIGURE 2 — COUNTER D1 


Pulse 
Generator 





FIGURE 3 ~ COUNTER D2 


Pulse 
Generator 


Pulse 
Generator 2 


aQi/c2=PG1 


*N is the value programmed on the Dp Inputs. 





7 MOTOROLA Semiconductor Products Inc. 
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-LOGIC DIAGRAM 


PCin 140 








012 PCP out 


Counter D1 


101/C2 5 


“Counter D2 


A : ;  § Vop=Pinié 
i a . Ls LA Vss = Pins. 

AN \ x i “e 

Dps Ops. — ‘ ‘Dp2 Dp 
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R_ART 


MC14568B : a | | 7 


OPERATING CHARACTERISTICS 


The MC14568B contains a phase comparator, a fixed 
divider (+ 4, + 16, + 64, + 100) and a programmable 
divide-by-N 4-bit counter. 


PHASE COMPARATOR 


The phase comparator is a positive edge controlled 
logic circuit. It essentially consists of four flip-flops and 
an output pair of MOS transistors. Only one of its inputs 
(PCin, pin 14) is accessible externally. The second is 
connected: to the output of one of the two counters D1 
or D2 (see block diagram). 

Duty cycles of both input signals (at A and B) need not 
be taken into consideration since the comparator responds 
to leading edges only. 

If both input signals have identical frequencies but 
different phases, with signal A (pin 14) leading signal-B 
(Ref.), the comparator output will be high for the time 
equal to the phase difference. 

If signal A lags signal B, the output will be low for the 
same time. In between, the output willbe in a three-state 
condition and the voltage on the capacitor of an RC filter 
normally connected at this point will have some inter- 
mediate value (see Figure 4). When. used in a phase locked 
loop, this value will adjust the Voltage Controlled Oscil- 
lator frequency by reducing the phase difference between 
the reference signal and the divided VCO frequency to 
zero, 
FIGURE 4 — PHASE COMPARATOR WAVEFORMS 


Vpp 


Vss 


VoL 
VOH 


VoL 
Vou 


VoL 










tnput State 


FIGURE 5 — PHASE COMPARATOR 
STATE DIAGRAM 





PCPout 
{Lock Indicator) 


If the input signals have different frequencies, the out- 
put signal will be high when signal A has a tower fre- 
quency than signal B, and low otherwise. 

Under the same conditions of frequency difference, the 
output will vary between VOH (or VoL) and some inter- 
mediate value until the frequencies of both signals are 
equal and their phase difference equal to zero, i.e. until 
locked condition is obtained. 

Capture and lock range will be determined by the VCO 
frequency range. The comparator is provided with a lock 
indicator output, which will stay at logic 1 in locked 
conditions. a 

The state diagram (Figure 5) depicts the internal state 
transitions, It assumes that only one transition on either 
signal occurs at any time. tt shows that a change of the 
output state is always associated with a positive transition 
of either signal. For a negative transition, the output does 
not change state. A positive transition may not cause the 
output to change; this happens when the signals have 
different frequencies. 


DIVIDE BY 4, 16, 64 OR 100 COUNTER (D1) 


This counter is able to work at an input frequency of 


'§ MHz for a Vpp value of 10 volts over the standard | 


temperature range when dividing by 4, 64 and 100. Pro- 
gramming is accomplished by use of inputs F and G (pins 
10 and 11) according to the truth table. shown, Connect- 
ing the Control input (CTL, pin 15) to Vpp allows cas- 


“cading this counter with the programmable divide-by-N 


counter provided in the same package. Independent 
operation is obtained when the Control input is con- 
nected to Vss. 

The different division ratios have been chosen to gen- 
erate the reference frequences corresponding to the chan- 
nel spacings normally required in frequency synthesizer 
applications. For example, with the division ratio 100 
and a 5 MHz crystal stabilized source a reference fre- 
quency of 50 kHz is supplied to the comparator. The 
lower division ratios permit operation with low frequency 
crystals, 












: ) 
! 
3-State 
Output Disconnected 
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. If ‘used in cascade with the programmable divide-by-N | 


counter, practically all usual reference frequencies, or 
channel spacings of 25, 20, 12.5, 10, 6.25 kHz, etc. are 
easily achievable. 


PROGRAMMABLE DIVIDE-BY-N 
4-BIT COUNTER (D2) 


This counter is programmable by using inputs Dpj... 


Dpqg (pins 7 ... 4). The Preset Enable input enables the 
parallel preset inputs Dp; ... Dp4. The “0” output must 
be ‘externally connected to the PE input for single stage 
applications. Since there is not a cascade feedback input, 
this counter, when cascaded, must be used as the most 


‘significant digit. Because of this, it can be cascaded with 


binary counters as well as with BCD counters (MC14569B, 
MC14522B, MC14526B). 


TYPICAL APPLICATIONS 


FIGURE 6 — CASCADING MC14568B AND MC14522B OR MC14526B WITH MC 14569B 


CF CF j 
McC14522B 24 


or 
MC 14526B 
"9 





MC14522B Q4 avc2 
or MC 14568B 
MC 145268 


“9” “or 


FIGURE 7 — FREQUENCY SYNTHESIZER WITH MC14568B and MC 14569B USING A MIXER 
(Channel Spacing 10 kHz) 


MC14569B C¢ 


PEout 


Frequencies shown in parenthesis are given as an example. 


(144-146 MHz) 


MC 14011 


Crystal 
Oscillator 


(143.5 MHz) 





(AA) MOTOROLA Semiconductor Products Inc. 
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FIGURE 8 — FREQUENCY SYNTHESIZER USING MC14568B, MC145698 AND MC14522B 
; (Without Mixer) 


bpy-— — -Opq 
, PEout 
(BCD) Binary. 


Nq 


(0-5) (O—9) _ (0, 4, 8, 12) 
(625 kHz steps) (62.5 kHz steps) (6.25 kHz steps) 


Divide ratio = 160N 4+ 16NQ+N3 


Example: 


Figures shown in parenthesis 
fout = Nq (MHz) + Na (x100 kHz) + N3 (x25 kHz) . fefer to example. 


Frequency range = 5 MHz 
Channel spacing = 25 kHz 
Reference frequency = 6.25 kHz 
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Advance Information 








HIGH SPEED PROGRAMMABLE DIVIDE-BY-N 
DUAL 4-BIT BCD/BINARY COUNTER 


The MC14569B is a high speed programmable divide-by-N dual 
4-bit BCD or binary down counter constructed with MOS P-channel 
and N-channel enhancement mode devices (complementary MOS) 
in a single monolithic structure. : 

It lias been designed for use with the MC14568B phase compara- 
tor/counter in frequency synthesizers; phase-locked loops, and other 
frequency division applications requiring low power dissipation and/ 
or high noise immunity. 

8 MHz Counting Rate for Any Division Ratio Greater Than 1 

Speed-up Circuitry for Zero Detection and Preset Enable 


Each 4-Bit Counter Can Divide Independently in BCD or Binary 
Mode - : 


Quiescent Current = 5.0 nA typ/pkg @ 5 Vdc 


@ Can be Cascaded with MC14568B, MC14522B and MC14526B 
for Frequency Synthesizer Applications 





O10 Vop +08 

PDC Current Drain perPin——*dt 1 | 10 _—*d|_ ma | 

Operating Temperature Range — AL Device -55 to +125 
CL/CP Device -40 to +85 


Storage Temperature Range -65 to +150 


CTL = "OQ" for Binary Count BLOCK DIAGRAM 
CTL = "1" for BCD Count 












Binary to Johnson 
Encoder : 


BCD/Binary 


McMOS MSI 


(LOW-POWER COMPLEMENTARY MOS) 


HIGH SPEED PROGRAMMABLE 
DIVIDE-BY-N DUAL 4-BIT 
‘BCD/BINARY COUNTER 


L SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 


CASE 620 CASE 648 


ORDERING INFORMATION 


MCI4XXXB Suffix Denotes 


L L Ceramic Package 
P Plastic Package. 


A. Extended Operating 
Temperature Range 

C Limited Operating 
Temperature Range 





DpA1 Opa2‘Dpa3 ,OPA4 CTLa CTlLg Dpei Ope2 Opes DpB4 


4-Bit BCD/Binary 


High Speed Synchronous Counter 


Johnson Counter 


Preset Enable . 
(Including Early Zero Detection) 


This is advance information and specifications are subject to change without notice. ; 
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Vop = Pin 16 
Vss =Pin8. 


O PEout 
1. 








_| MC14569B 


ELECTRICAL CHARACTERISTICS ; 


Vpp 
Characteristic Symbol Vdc 


Output Voltage 
Vin =Vpp or 0 


* 
Tiow 


0.05 
0.05 


0.05 


4" Level 4.95 
Vin =9 or Vpp 9.95 


14.95 
(Vo = 13.5 or 1.5 Vde) 15 2 
; “1” Level 

(Vo = 0.5 or 4.5 Vde) : 35 

(Vo = 1.0 or 9.0 Vdc) 7.0 

(Vo =1.5 or 13.5 Vde) 11.0 
Output Drive Current (AL Device) 

(VOH = 2.5 Vdc) Source 

(VoH = 4.6 Vdc) 

(VOH =9.5 Vde) 

(VOH = 13.5 Vdc) 


Input Voltage* “O" Level] — : 
(Vo = 4.5 or 0.5 Vdc) 5.0 
(Vo = 9.0 or 1.0 Vde) 10 


(VoL = 0.4 Vdc) Sink 
(Vo~_ = 0.5 Vde) 
(VoL = 1.5 Vde) 


Output Drive Current (CL/CP Device) 
(VoH = 2.5 Vdc) Source 
(VoH = 4.6 Vdc} 

(VOH =9.5 Vde) 

(VoH = 13.5 Vde) 

(VoL = 0.4 Vdc) Sink 
(VoL = 0.5 Vdc) 

(VoL =1.5 Vde) 


Input Current (AL Device) 
Input Current (CL/CP Device) 


Input Capacitance ~ : 
(Vin = 9) a 

Quiescent Current (AL Device) 
(Per Package) 


Quiescent Current (CL/CP Device) 
(Per Package) 


Total Supply Current**t - 
(Dynamic plus Quiescent, 
Per Package) 
(CL = 50 pF on all outputs, all 
buffers switching) 


*Tlow =-55°C for AL Device, -40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
#Noise immunity specified for worst-case input combination. 
Noise Margin for both “1” and “0” level = 1.0 Vde min@ Vpp =5.0 Vdc 
2.0 Vde min@ Vpp =10 Vde 
2.5 Vde min@ Vpp =15 Vde 
tTo calculate total supply current-at loads other than 50 pF: 
IT(CL) = 17 (50 pF) + 1x 10-3 (Cy -50) Vopf 


where: ip is in wA (per package), CL in pF, Vpp in Vdc, and f in kHz is input frequency. 


**The formulas given are for the typical characteristics only at 25°C. 


a : 
°o 


0.88 
2.25 
8.8 


+0.00001 | +0.1 
+0.00001 | +0.3 





This device contains circuitry to protect 
the inputs against damage due to high static 
voitages or electric fields; however, it is, 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper. operation it 


is recommended that Vin and Voy be 
constrained to the range Vgg < (Vin or 
Vout) < Vop- 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vss or Vpp). : 
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MC14569B : 


SWITCHING CHARACTERISTICS (C, = 50 pF, Ta = 25°C) 


Characteristic 


Output Rise Time 


Output Fal! Time This table lists all of the char- 
acteristics to be specified for this 
device. Final specifications were 

Turn-On Delay Time not available at the time of 


PEout : printing. For the ‘atest data, 


contact: 


Q Output : CMOS Marketing 
j Motorola Semiconductor 
Products Inc. 
Turn-Off Delay Time 3501 Ed Bluestein Blvd. 
PEout "Austin, Texas 78721 
(512) 928-2600 


Q Output 
Minimum Clock Pulse Width 
Maximum Clock Pulse Frequency # 


Maximum Clock Pulse Rise.and Fall Time 





#This inplies that zero detection and preset enable is done while the clock is running at the specified frequency. 
SWITCHING WAVEFORMS 


FIGURE 1 
20 ns 





FIGURE 2 





20 ns - 20 ns 


in = fmax 
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LOGIC DIAGRAM 


Dpa2 Opai 
39 


49 


Opa3 
59 


Dpag 
69 





pe a 

i 
(Ls 
are 
UY 
| 5 
feds 

i. 

BS 

x 


ae 


Tree 


eee 
Tr 


c 


x 
o 
3 
go 
83 
Cn 


PEout 


Clock 





/\ 


A 


1 


i 


100 
CTLg 


DpB1 


110 


12 0 


136 
Dpg3 


140 


15 0 


Dpg2 


Dps4 


MOTOROLA Semiconductor Products Inc. 


Vpp = Pin 16 


Vsg =Pin8 
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| .Mc14569B | a . 


OPERATING CHARACTERISTICS 


The MC14569B includes a high speed Johnson counter 
followed ‘by a BCD/binary 4-bit synchronous counter (see 
block diagram). The use of an encoder allows the Johnson 
counter to be programmed (i.e. preset) in BCD or binary 
code through inputs Dpai, DpA2, DpA3, and Dpag. 

The BCD/binary counter can be programmed through 
inputs Dpgp1, Dpgp2, Dpg3, and Dpga. For each counter a 


divide ratio of 10 (BCD count). or 16 (binary count) can 


be chosen independently by inputs CTLa and CTLg 
respectively. When one of those inputs is set high, the 
divide ratio of the corresponding counter is 10 (BCD); 
when it is set low, the division ratio is 16 (binary). 

A Cascade Feedback input (pin 7), a Q output (pin 15) 
and a Preset Enable output (pin 1) made it possible to 
cascade the MC14568B, MC14522B and MC14526B with 
this device. CF, Q and PEpyt of MC14569B must be 
respectively connected to 0”, C and PE of the following 
counter. 


f, FREQUENCY (MHz) 


° 
-40 -20 i] +20 





When MC14569B is used alone, CF must be connected 
to Vpp. One pulse will appear on output PEgut every N 
clock periods (N being the value programmed on the Dp 
inputs). Both counters included in MC14569B, and even- 
tually all the counters which are cascaded, should nor- 
mally be preset at the programmed values during the clock 
period where they all reach the count zero. For best speed 
performance, preset is started as soon as count 1 is detected. 
As a consequence, it is not possible to program a frequency 
division ratio of one. However, it is possible to program a 
division ratio of 11 (i.e. Dpay, ... Dpag = 1,0,0,0 and 
Dpg1, ... Dpg4 = 1,0,0,0), or a division ratio of 101 if | 
another counter is cascaded with the MC14569B. 

This high speed configuration makes it possible to 
guarantee a maximum clock pulse frequency of 5 MHz 
for a 10 V Vpp supply for any division ratio greater than 
one. Due to the presence of the early zero detection, the 
circuit must be used in the two least significant digit 
positions, 

Because all the circuitry is static, there is no minimum 
frequency specification for the Clock input, C (pin 9). 


+40 +60 +80 +100 


Ta, AMBIENT TEMPERATURE (°c) 
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MOTOROLA 
Semiconductors 
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HEX GATE 


The MC14572 hex functional gate is constructed with MOS 
P-channel and N-channel enhancement mode devices in a single 
monolithic structure. These complementary MOS logic gates find 
primary use where low power dissipation and/or high noise immun- 
ity is desired, The chip contains four inverters, one NOR gate and 
one NAND gate. 


Quiescent Current = 0.5 nA/package typical @ 5 Vde 


Noise Immunity = 45% of Vpp typical 
Diode Protection on All inputs 

Single Supply Operation 

Supply Voltage R ange = 3.0 Vdc to 18 Vdc 
Input Impedance = 1012 ohms typical 


NOR Input Pin Adjacent to Vss Pin to Simplify Use As An 
Inverter 

NAND Input Pin Adjacent to Vpp Pin to Simplify Use As An 
Inverter 

NOR Output Pin Adjacent to Inverter Input Pin For OR 
Application 

NAND Output Pin Adjacent to Inverter Input Pin For AND 
Application 

Capable of Driving Two Low-power TTL Loads, One Low-power 


Schottky TTL Load or Two HTL Loads Over the Rated Temper. . 
ature Range 





MAXIMUM RATINGS (Voltages referenced to Vss) 











Input Voltage, All Inputs 
DC Current Drain per Pin Fock 





-0.5 to Vpp + 0.5 Vde 
Operating Temperature Range ~ AL Device 


-55 to +125 
CL/CP Device ~40 to +85 


CIRCUIT SCHEMATIC 
Voo 
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McMOS SSI 


(LOW-POWER COMPLEMENTARY. MOS) 


HEX GATE 


4 INVERTERS PLUS 
2-INPUT NOR GATE PLUS 
2-INPUT NAND GATE 


L SUFFIX P SUFFIX 





CERAMIC PACKAGE PLASTIC PACKAGE 





CASE 620 . CASE 648 





ORDERING INFORMATION 


MC14XXX Suffix Denotes 


L lL. Ceramic Package 
P Plastic Package 

A Extended Operating 
Temperature Range 


C Limited Operating 
Temperature Range 








LOGIC DIAGRAM 


Vop = Pin 16 
Vgg = Pin 8 





MC14572 


ELECTRICAL CHARACTERISTICS 


Output Voltage “0” Level 
Vin = Vpp or 0 


“1” Level 
Vin = O.0or Vop 


Input Voitage* “0 Level 
(Vo = 3.6 or 1.4 Vdc) 
(Vo = 7.2 or 2.8 Vdc) 
“(Vo = 11.5 or 3.5 Vde) 
“1° Level 
(Vo = 1.4 or 3.6 Vde) 
(Vo = 2.8 or 7.2 Vdc) 
(Vo = 3.5 or 11.5 Vde) 

Output Drive Current (AL Device) 

(VOH = 2.5 Vde) Source 
_ (VOH 2 4.6 Vdc) 

(VoH = 9.5 Vdc) 

(Von = 13.5 Vde) 

(VoL = 0.4 Vdc) Sink 

(VoL = 0.5 Vde) 

(VoL = 1.5 Vde) 

Output Drive Current (CL/CP Device) 
(VOH = 2.5 Vde) Source 
(VOH = 4.6 Vdc) 

(VoH = 9.5 Vde) 

(VOH = 13.5 Vde) : 5. 
(VoL = 0.4 Vde) Sink , ; 0.88 
(VoL =0.5 Vdc). ; E 2.25 
(VoL = 1.5 Vde) : 8.8 


Input Current (AL Device) £0.00001 | +0.1 
Input Current (CL/CP Device} +0.00001 


Input Capacitance F 7.5 

(Vin = 9) 
Quiescent Current (AL Device) . 0.0005 
(Per Package) R 0.0010 
0.0015 


Quiescent Current (CL/CP Device) 0.0005 
(Per Package) 0.0010 
0.0015 
Total Supply Current**t . It = (1.89 pA/kH2) f + Ippo 
(Dynamic plus Quiescent, I = (3.80 wA/kH2) f + IpD 
Per Package) ty = (5.68 uA/kHz) f + IpD 
(Cy = 50 pF on ait outputs, all . 
’ buffers switching) 





o¢ 
t=) 
a 


° 
o 
a 





“Tow = -55°C for AL Device, 40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
#Noise immunity specified for worst-case input combination. 
tTo catculate total supply current at loads other than 50 pF: 
ICL) = 17 (50 pF) + 6 x 10-3 (Cy -50) Vopf 
where: I+ is in #A (per package), Cy in pF, Vpp in Vde, and f in kHz is input frequency. 
**The formulas given are for the typical characteristics only at 25°C. 





This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high im- 
pedance circuit. For proper operation it is recommended that Vin and Vout be constrained to the range Vgg < (Vin or Vout) 
<Vop. ; : : 

Unused inputs must always be tied to an appropriate logic voltage tevel (e.g., either Vgg or Vpp). 
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MC 14572 | 


‘SWITCHING CHARACTERISTICS* (c,, = 50 pF, Ta = 25°C) 


‘| Output Rise Time 
tp = (3.0 ns/pF) C_ +30ns - 
ty = (1.5 ns/pF) Cy + 15 ns 
ty = (1.1 ns/pF) Cy + 10 ns 
Output Fall Time 
ty = (1.5 ns/pF) Cy + 25 ns 
te = (0.75 ns/pF) Cy + 12.5 ns 
te = (0.55 ns/pF) Cr +9.5 ns . 
Propagation Delay Time 
teLH. tepHe = (1.7 ns/pF) CL +30 nal 
tPLH. tepHL = (0.66 ns/pF) Cy + 22 ns) 
tPLH. tpHL = (0.6 ns/pF) C, + 15 ns) 


Typ 
All Types a Device 








180 350 400 
90 150 200 
65 110 160 


5.0 | 100 175 200 

10 50 75 - 400 

15 37 55 80 
tPLH- 

PHL 5.0 115 165 200 

10 | 55 95 110 

15 40 75 85 


FIGURE 1 — SWITCHING TIME TEST CIRCUITS AND WAVEFORMS 
























*The formula given is for the typical characteristics only. 


Pulse 
Generator 


~ Pulse 
Generator 


- Output 
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4x 4MULTIPORT REGISTER | 


The MC14580B is a 4 by 4 multiport register useful in small 
scratch pad memories, arithmetic operations when coupled with an 
adder, and other data storage applications. It allows independent 
reading of any two words (or the same word at both outputs) while 
writing into any one of four words. 


Address changing and data entry occur on the rising edge of the , 
clock. When the write enable input is low, the contents of any word 
may be accessed but not altered. 


Logic Swing Independent of Fanout 

No Restrictions on Clock Input Rise or Fail Times 
3-State Outputs 

Single Phase Clocking 

Quiescent Current-= 10 nA/package typical @ 5 Vde 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range. ; . : 





MAXIMUM RATINGS (Voltages referenced to Vss) 


in per Tf 0 mae | 


DC Current Drain per Pin 
-55 to +125 














Operating Temperature Range — AL Device 
; -40 to +85 


CL/CP Device 
-65 to +150 


Storage Temperature Range 





BLOCK DIAGRAM 


WO W1 RO, Rt, ROgRIg 


Memory 


Word B 
Output 


3-State B 
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-MC14580B 


McMOS LSi 


(LOW-POWER COMPLEMENTARY MOS) — 


4x 4MULTIPORT REGISTER 


L SUFFIX 
CERAMIC PACKAGE 
CASE 716 


1 , ; 


P SUFFIX 
-PLASTIC PACKAGE 
CASE 709 





ORDERING INFORMATION 
MC14XXXB Suffix Denotes 


L Ceramic Package 
Plastic Package 


~ Extended Operating 
Temperature Range 

C Limited Operating 
: Temperature Range 





PIN ASSIGNMENT 


Q0g 
3-State B 
bo 

O1 

02 


oman ogm& Wnr =. 


—_- = ow 


Vop = Pin 24. 
Vsg = Pin 12 





MC14580B _ 4 


ELECTRICAL CHARACTERISTICS 















Output Voltage 
Vin = Vpp or 0 














































































“4” Level 
dives = | | 
Input Voltage# “0” Level 
(Vo = 4.5 or 0.5 Vdc) 2.25 
(Vo = 9.0 or 1.0 Vdc} 4.50 
(Vo = 13.5 or 1.5 Vde) 
“4 Level 
(Vo = 0.5 or 4.5 Vde) : 
_ (Vo = 1.0 or 9.0 Vac} 
(Vo = 1.5 or 13.5 Vde) 
Output Drive Current (AL Device) 
(VOH = 2.5 Vde) Source 
(Von = 4.6 Vde) 
(Von = 9.5 Vde) 
(Von = 13.5 Vde) 
(VoL = 0.4 Vde) Sink 0.88 
(VoL = 0.5 Vde) 
(VoL = 1.5 Vdc) 
Output Drive Current (CL/CP Device) 
(Von = 2.5 Vde) Source 
(Von = 4.6 Vdc) 
(VoH 7 9.5 Vde) 
(Von = 13.5 Vde) d : 
(VoL = 0.4 Vde) Sink 0.88 0.36 
(VoL = 0.5 Vdc) 2.25 0.9 
| (Vo. = 1.5 Vde) 8.8 2.4 
input Current (AU Device) | tm | 18 | - | sot | ~ feoooomi[ s01 | — | #10 | wha] 
input Current (GLICP Oeviesl | tin | 18 | - | #03] ~|ea00001[ soa | — | #10 | wage | 
Input Capacitance Cin 75 
‘(Vin = 0) F 
Quiescent Current (AL Device) !pp 0.010 150: 
(Per Package} 0.020 300 
x 0.030 600 
Quiescent Current (CL/CP Device) 50 50 375 pAdc 
(Per Package) 100 100 750 
200 _ 200 1500 ; 
Total Supply Current* *t It I7 = (1.18 pA/KHz) f+ Ipp uAdc 
(Dynamic pius Quiescent, iy = (1.91 “A/kH2) f+ Ippo 
Per Package) \y = (2.67 wA/kHz) f+ Ipp 
(CL = 50 pF on all outputs, al! ; 
buffers switching) 
Three-State Leakage Current Ite +0.1 +0.00001] +0.1 
(AL Device) : : 
Three-State Leakage Current ITL +1.0 +0.00001 £75 uAdc 
(CL/CP Device) : 


*Tlow = -55°C for AL Device, -40°C for CL/CP Device. This device contains circuitry to protect 
Thigh = +125°C for AL Device, +85°C for CL/CP Device: ; the inputs against damage due to high 

#Noise immunity specified for worst-case input combination. . Static voltages or electric fields; however, 
Noise Margin for both "1" and 0" level = 1.0 Vde min@Vpp =5.0Vde -. it Te Sdvised. that: nore! Prensutions. be 

: . \ taken to avoid application of any voltage 

2.0 Vde min @ Vpp = 10 Vde higher than maximum rated voltages to 

2.5 Vde min @ Vop = 15 Vde this high impedance circuit. For proper 

tTo calculate total supply current at loads other than 50 pF: operation it is recommended that Vi, and 


it (CL) = 17 (50 pF) + 4x 10-3 (Cy -50) Vopf ape a ap gees to the range Vs < 
where: !7 is in uA (per package), Cin pF, V.op in Vde, and f in kHz is input frequency. in OF Vout DD- 


ae A A oti ° Unused inputs must always be tied to an 
The formulas given are for the typical characteristics only at 25°C. appropriate logic voltage level (¢.9., either 


Vss or Vpp). 
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MC14580B 


SWITCHING CHARACTERISTICS* (c,, = 50 pF, Ta = 25°C) 













Typ 
Vpop | AllTypes | AL Device | CL/CP Device 
180 
= 00 
160 
oe 478 200 
ed ba 
PLH- 
tPHL 1500 3000 4500 
500 1000 1500 
350 750 1125 
800 1600 ane 
300 yes 
180 a 
-300 ey +150 
= an. ee 
“ot a 
2400 -900 
-180 a0 = 
tsetup(D)- 150 
tsetup(W) a vo Aa 
160 
Address and Data Hold Time thold(D)- at 320 
thoid(W) 130 198 
1 ~ 150 
3-State Enable/Disable Delay Time** aie = ie 
ten. 140 sa 
: 85 165 


Positive Clock Pulse Width 





Characteristic 











fae Rise Time 

= (3.0 ns/pF) Cy + 30 ns 

= (1.5 ns/pF) Cy + 15 ns 

. = (1.1 ns/pF) Cr + 10ns 

Output Fall Time 
te = (1.5 ns/pF) Cy + 25ns 

te = (0.75 ns/pF) Cy + 12.5 ns 

te = (0.55 ns/pF) C_ +9.5 ns 

Propagation Delay Time, Clock to Output 

teHL, tPLH = (1.7 ns/pF) CL + 1415 ns 

tPHL. tPLH =. (0.66 ns/pF) C1, + 467 ns 

tpHL. tPLH = (0.5 ns/pF) C_ + 325 ns 

Write Enabie Setup Time 


























Write Enable Setup Time 







Write Enable Hold Time 









Address and Data Setup Time 























Negative Clock Pulse Width 


*The formula given is for the typical characteristics only. 
**Measured at the point of 10% change at output when the output load is 1.0 k2 and 50 pF. 


FIGURE 1 — OUTPUT DRIVE CURRENT TEST CIRCUIT 


Fetal comin a FE Sink Current | Source Current 
External : 
: Position of $1 


: Power | 2 ft 
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FIGURE 2 — POWER DISSIPATION TEST CIRCUIT AND WAVEFORMS (3-State Inputs are High) 





Repetitive Waveforms 


_ Pulse : j ; | j | 
Generator P.G.3 a 
(2 Output 
- QnA.B \__/ \__/ 
Pulse 


Generator 
3 





FIGURE 3 — AC WAVEFORMS AND DEFINITIONS 


Read, 


Write, 
tsetup(w) thoid(w) 


| PWeo 


thotd(WE) 
ae 
a = oe 


3-State A or B 


50% 
TPHL 
Qn 


7 


SESE = Don’t Care tf. 


VOL 





R is third state (High Impedance) 


(AA) MOTOROLA Semiconductor Products Inc. 


5-472 


MC14580B . 
LOGIC DIAGRAM 
Rig > 3-State A 





Cc. a 
o 
3-State 
c Q 
Oo 
3-State 
c Q 
ie) 
3-State 


C Pa 
D 
3-State 


Cc Qa 
D 
3-State 
Cc 

D 
3-State 
c 

3 


D 
“State 

c 

DB 

3-State 


22 
0 20, 


Qa 
Q 
Q 





TRUTH TABLE 25) 


Dp to 
word 0 


Word 0 
not 
altered 





St and S2 refer to input states of either 1" or ’O"’. 
R implies high resistance ~ 109 ohms .« 
X = Don’t care 2 


\ 
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4-BIT ARITHMETIC LOGIC UNIT 


The MC 14581B is a CMOS 4-bit ALU logic unit capable of providing 


16 functions of two Boolean variables and 16 binary arithmetic operations 
on two 4-bit words. The level of the mode control input determines 
whether the output funciton is logic or arithmetic. The desired logic func- 
‘tion is selected by applying the appropriate binary word to the select 
inputs (SO thru $3) with the mode contro! input high, while the desired 
arithmetic operation is selected by applying a low voltage to the mode con- 
trol input, the required level to carry in, and the appropriate word to the 
select inputs. The word inputs and function outputs can be operated with 
either active high or active low data. _ 

Carry propagate (P) and carry generate (G) outputs are provided to 
allow a full look-ahead carry scheme for fast simultaneous carry genera- 
tion for the four bits in the package. Fast arithmetic operations on long 
words are obtainable by using the MC 14582B as a second order look ahead 
block. An inverted ripple carry input (C,) and a ripple carry output 
(Cpy+4) are included for ripple through operation. 

When the device is in the subtract mode (LHHL), comparison of 
two 4-bit words present at the A and B inputs is provided using the A = B 
output, It assumes a high-level state when indicating equality. Also, when 
the ALU is in the subtract mode the Cy+4 output can be used to indicate 
relative magnitude as shown in this table: 


Ch 


a 


fe) 
rierrireauoxl; 
> 


ASB 
A<68 
A>B 
A2s 
ASB 
A<B 
A>B 
AB 


Active 


FEATURES: 

Functional and Pinout Equivalent to 74181. 

Quiescent Current = 5.0 nA/package typical @ 5 Vdc 

High Noise Immunity = 45% of Vpp typical — 

Diode Protection on All Inputs ; 

Low Input Capacitance — 5.0 pF typical 

Ail Outputs Buffered 

Supply Voltage Range = 3.0 Vdc to 18 Vdc 

Capable of Driving Two Low-power TTL Load, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range 





- MAXIMUM RATINGS (Voltages referenced to Vs) 


- MIC14581B 


McMOS MSI 


(LOW-POWER COMPLEMENTARY MOS) 


4-BIT ARITHMETIC LOGIC UNIT 


_ L SUFFIX 
CERAMIC PACKAGE 
CASE 684 


1 
P SUFFIX 
PLASTIC PACKAGE 
24 CASE 709 
1 


ORDERING INFORMATION 


MC14XXXB Suffix Denotes 


iL lL Ceramic Package 
P Plastic Package 
A Extended Operating 
Temperature Range 
C Limited Operating 


Temperature Range 


BLOCK DIAGRAM 


Function 1406 
Select 
Inputs [50 


= 


010} output 
Function 


nt ont mi om 
N 


J 


Comparison 
Output 
Ripple 


O16 Carry 
Output 


> 
0 
a 


i) 
 ] 
+ 
a 


Carry In 70 k 
Look- 

017] Ahead 
Carry 
Outputs 


Mode go 
Control 


a Oj 


~0.5 to +18 


Input Voltage, All Inputs -0.5to Vpp + 0.5 
DC Current Drain per Pin Be ree aa Es 






Vop = Pin 24 
Vgg = Pin 12 








Operating Temperature Range — AL Device Ta -55 to +125 
CL/CP Device ; -40 to +85 


_ +65 to +150 


Storage Temperature Range 
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MC14581B -* . 


ELECTRICAL CHARACTERISTICS 


Output Voltage “oO” 

Vin = Vpp or 0 

“1"" Level 

Vin =0 or Vpop _ 
Input Voltage * “O" Level} Vit 

(Vo = 4.5 or 0.5 Vdc) 

(Vo = 9.0 or 1.0 Vdc) 

(Vo = 13.5 or 1.5 Vde) 

“4 Level 

(Vo = 0.5 or 4.5 Vde) 

(Vo = 1.0 or 9.0 Vdc) 

(Vo = 1.5 or 13.5 Vde) 
Output Drive Current (AL Device) . 

(Von = 2.5 Vdc) Source 

(Von = 4.6 Vdc) 

(VoH = 9.5 Vde) 

(Vou = 13.5 Vde) 

(VoL = 0.4 Vde) Sink 


(VoL = 0.5 Vde) 
(VoL = 1.5 Vde) 


Output Drive Current (CL/CP Device) 
(Von = 2.5 Vde) Source 
(VoH = 4.6 Vdc) 
. (VoH = 9.5 Vde) 
| tin __| 
i 


(Von = 13.5 Vde) 
(Vo. = 0.4 Vde} Sink 
(Voy, = 0.5 Vde) 


ao 

2.25 

8.8 W123 
poooooT] son] — 3h] waae | 
0.00001| sos | — | #10 | wAae | 


bailed am 
150 uAdc 
300 
600 
150 uAdc 
Eat 
600 


Total Supply Current* *t : ; Ip = (1.8 BA/KH2z) f+ Ipp uAdc 
(Dynamic plus Quiescent, : Ip = (3.7 wA/KHz) f+ pp 
Per Package) I = (5.5 nA/kHz) f+ IDp 
(C,_ = 50 pF on all outputs, all . ' - 
buffers switching) 


*Tiow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
#Noise immunity specified for worst-case input combination. 
Noise Margin for both “1” and “0” level = 1.0 Vde min@ Vpp = 5.0 Vde 
: 2.0 Vde min@ Vpp = 10 Vde 
2.5 Vdemin@Vpp = 15 Vde 
+To calculate total supply current at loads other than 50 pF: 
IT(CL} = 17 (50 pF) + 8x 10-3 (Cy -50) Vppf 
where: {7 is in uA (per package), Cin pF, Vpp in Vdc, and f in kHz is input frequency. 
**The formulas given are for the typical characteristics only at 25°C. 


(Vo- = 1.5 Vde) 


Input Current (AL Device) 
Input Current (CL/CP Device) : 


Input Capacitance 
(Vin =Q) 

Quiescent Current (AL Device) 
(Per Package) 





Quiescent Current (CL/CP Device) 
(Per Package) 








This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high im- 
pedance circuit. For proper operation it is recommended that Vin and Voyt be constrained to the range Vss < (Vin or Vout) 


<Vop. 
Unused inputs must always be tied to an appropriate logic voltage level tea either Vss or Vpp). 
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- MC14581B 





SWITCHING CHARACTERISTICS®* (c, = 50 pF, Ta = 25°C) 


AL Device | CL/CP Device 
Output Rise Time ; 
ty = (3.0 ns/pF) Cy + 30 ns 180 400 
ty = (1.5 ns/pF) Cy + 15 ns 90 200 
ty = (1.1 ns/pF) C_.+ 10 ns 65 160 
Output Fal! Time aC 
t¢ = (1.5 ns/pF) C_-+ 25 ns 100 _175 
te= (0.75 ns/pF) CL +12.5ns 50 75 
t¢ = (0.55 ns/pF) Cy + 9.5 ns 37 55 
‘| Propagation Delay Time 
Sun in to Sum Out : te oi 
tPLH-tPHL = (1.7 ns/pF) Cy + 620,ns _ 705 
tpLH-tPHL = (0.66 ns/pF) Cy + 217 ns 250 
teLHtPHL = (O.5ns/pF) CL +155ns_ 180 
Sum In to Sum Out (Logic Mode) 
tPLH-tPHL = (1.7 ns/pF) Cy + 520 ns 605 
tPLH-tPHL = (0.66 ns/pF) C_ + 182 ns 
tPLH-tPpHL = (0.5 ns/pF) Cy + 155 ns 
Sum tn to A=B 
tPLH.tPHL = (1.7 ns/pF) Cy + 870 ns 
tpLH-tPHL = (0.66 ns/pF) Cy + 297 ns 
tPLH-tPHL = (0.5 ns/pF) C, + 220 ns 
Sum In to Por G 
tPLH.tPHL = (1.7 ns/pF) C_ + 400 ns 
tPLH-tPHL = (0.66 ns/pF) Cy, + 147 ns 
tPLH.tPHL = (0.5 ns/pF) Cy + 105 ns 
Sum tn to Cya4 
tPLH-tPHL = (1.7 ns/pF} Cy + 530 ns 
- tPLH-tpHe = (0.66 ns/pF) C, + 187 ns 
tPLH-tPHL = (0.5 ns/pF) Cy + 135 ns 
Carry In to Sum Out 
tPLH-tPHL = (1.7 ns/pF) C_ + 295 ns 
tPLH tPHL = (0.66 ns/pF) C_ + 112 ns 
, tPLH+APHL = (0.5 ns/pF) C_ + 80 ns 
Carry In to Cy+4 
tPLH-AtPHL = (1.7 ns/pF) CL + 220 ns 
tPLH-tPHL = (0.66 ns/pF} C, + 87 ns 
tPLH-tPHL = (0.5 ns/pF) Cy + 60 ns 





*The formula given is for the typical characteristics only. 


AC TEST SETUP REFERENCE TABLE 


: AC PATHS DC DATA INPUTS 
TEST 


Sumin to Sumaeut 
Delay: Time 


Sump to P 
Delay Time 


INPUTS | OUTPUTS| TO Vgg TO Vpp 
Sump to G 


Remaining A's 
Ch 
es a 
Delay Time 


Cp to Cregg 
Delay Time Cn+4 

Sumjpy to A= B All 8’s 
Delay Time Remaining A’s 


Sumin to SuMpgut 
Delay Time 
(Logic Mode) -— 





Remaining A's 
c 
Sumin to Cyr Ro, aes 
* Delay Time Remaining B’s 
Cr to SuMout / = 
Delay Time Any F 
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FIGURE 1 — TYPICAL SOURCE CURRENT TEST CIRCUIT FIGURE 2 — TYPICAL SINK CURRENT TEST CIRCUIT 


Vout = VOH Vout = Vou 
VpDo : 


(¢) 
1 


fo) 
‘ 


Al 
GA 
A2 


-_ 
° 


“am nl oT 
Nn 


(*) 
nm nl 


w 


Voo 
Low for 
High for all outputs 


all outputs q : : except Chg 
except Cyi4 


fe) 
4 
wOlae wo 


External 7 External 
Power — : Power 
Supply Supply 


See AC Test 
Pulse Setup 
Generator Reference 
Table 
for Connections 


FIGURE 4 — DYNAMIC POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 


Vpoo 


mm Ti Ti 
- © 


Pulse 
Generator 


Outy Cycle = 50% 


Variable 
Width 
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MC14581B 


Function. 
Select 
Inputs 


Word B 


Carry In 
-Mode Control 


7 
8 


BLOCK DIAGRAM 


(ACTIVE LOW) 


$0$1S2S83 


FUNCTION 


SELECT 


r 


L 
L 
L 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 


ZTrTIrTIerrrr tI rtirerre 


Itreritirritirriticre 


Tetreterrrtriorir wer 


INPUTS/OUTPUTS ACTIVE LOW 


LOGIC 


FUNCTION 


(MC = H) 


A 

AB 

AtB 
Logic ‘’1°’ 
A+B 

B 
A@s 
AtB 

AB 
A@es 
B 

A+B 
Logic ‘’0" 
AB 

AB 

A 


Voo = Pin 24 
Vsg = Pin 12 


Output 
Function 


Comparison Output 


Ripple Carry Output 


Look -Ahead 
Carry Outputs 


TRUTH TABLE 


ARITHMETIC* LOGIC 
FUNCTION 
(MC=L,C,=L)} (MC=H) 
A minus 1 A 
AB minus 1 A+B 
AB 
Logic ‘‘0’”’ 


AB minus 1 
minus 1 

A plus (A+B) 

AB plus (A+B) 

A minus B minus 1 
A+B) 

A plus (A+B) 

A plus B 

AB plus (A+B) 
A+B 

A plus A 

AB plus A A+B 
AB plusA A+B 
A A 


Logic ‘1”" 





FUNCTION 


BLOCK DIAGRAM 
(ACTIVE HIGH) 





INPUTS/OUTPUTS ACTIVE HIGH 


ARITHMETIC* 
FUNCTION 
(MC =L, C, =H) 

A 

AtB 

A+B 

minus 1 

A plus AB 
(A+B) plus AB 
Aminus B minus 1 
AB minus 1 

A plus AB 

A plus B 
(A+B) plus AB 
AB minus 1 

A plusA 
(A+B) plusA 
(A+B) plus A 
A minus 1 


* Expressed as two‘s complements. For arithmetic function with Cp in the 
opposite state, the resulting function is as shown plus 1. 
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MOTOROLA 
Serniconductors 


BOX 20912. PHOENIX, ARIZONA 85036 


LOOK-AHEAD CARRY BLOCK 


The MC14582B is a CMOS look-ahead carry generator capable of 
anticipating a carry across four binary adders or groups of adders. 
The device is cascadable to perform full look-ahead across n-bit ad- 
ders. Carry, generate-carry, and propagate-carry functions are pro- 


vided as enumerated in the pin designation table shown below. 


Quiescent Current = 5.0 nA/package typical @ 5 Vdc 
High Speed Operation — 140 ns typical @ Vpp = 10 Vdc 
(from Data-in to Carry-out) 
Expandable to any Number of Bits 
Noise Immunity = 45% of Vpp typical 
All Buffered Outputs : 
Low Power Dissipation 
Diode Protection on All Inputs 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 
Capable of Driving Two Low-Power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range 





MAXIMUM RATINGS (voltages referenced to Vss) 


-0.5 to +18 


: 
~40 to +85 


Operating Temperature Range — AL Device 
; CL/CP Device ~ 





LOGIC EQUATIONS 

Chix =GO+(POC Cy) 

Cnty =GI+(PT@GO)+(PT@POCCA) 

Chez = G2 + (P20 Gi) + (P20 Pi © Go) + (Pe PTO POSC,) 

‘ G3 + (P3 © G2) + (P3 @ P2 @ G1) + (P1 © P2 @ P3 @ GO) 
P30 P20 Pi eo PG . 


PIN DESIGNATIONS 


FUNCTION 


Active-Low 
Carry-Generate Inputs 


Active-Low 
Carry-Propagate Inputs 


DESIGNATION | PIN NO’s | 


a A A 


Active-Low Group 
Carry-Generate Output’ 

Active-Low Group 
Carry -Propagate Output 


ae es 
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MC14582B 


McMOS MSI 


(LOW-POWER COMPLEMENTARY MOS) 


LOOK-AHEAD CARRY BLOCK 


t SUFFIX 
CERAMIC PACKAGE 


CASE 620 





P SUFFIX 
PLASTIC PACKAGE 


CASE 648.: 









ORDERING INFORMATION 


MC14xXxxB 


Suffix Denotes 


(i L Ceramic Package 
P Plastic Package’. 
A Extended Operating 
Temperature Range 


C Limited Operating 
Temperature Range 


Vpp = Pin 16 
Veg =Pin 8 





} 


| Mc14582B | 7 


ELECTRICAL CHARACTERISTICS 


Output Voltage 
Vin = Vop or 0 


: “4 Level 
Vin = 0 or Vop 


Input Voltage* “0” Level ‘ 
"(Vg = 4.5 or 0.5 Vde) 2.25 
(Vo = 9.0 or 1.0 Vdc) 4.50 
(Vo = 13.5 or 1.5 Vdc) 6.75 
"1" Level 
(Vo = 0.5 or 4.5 Vde) 
(Vo = 1.0 or 9.0 Vde) 
(Vo = 1.5 or 13.5 Vde) 
Output Drive Current (AL Device) 
(VoH = 2.5 Vde) Source 
(VOH = 4.6 Vde) 
(VoH = 9.5 Vde) 
(VoH = 13.5 Vdc) 
(Voi = 0.4 Vde) 
(Voy = 0.5 Vde) 
(VoL = 1.5 Vde) 
Output Drive Current (CL/CP Device). 
(Von = 2.5 Vde) Source 
(VoH = 4.6 Vde) © 
(Von = 9.5 Vde) 
(Von = 13.5 Vde) 
(Voz = 0.4 Vde) ‘Si loL . 0.88 
(VoL = 0.5 Vde) 1.1 2.25 
(VoL = 1,5 Vde) 3.0 8.8 


2.4 
a a CE 
re03 | - |s00o01[ sos | - | #10 


Input Capacitance 75 . 
(Vin = 0) 


Quiescent Current (AL Device) 0.005 150 
(Per Package) 0.010 300 
0.015 600 


Quiescent Current (CL/CP Device) 0.005 150 uAdc 
(Per Package) 0.010 300 
“ 0.015 600 


(Dynamic plus Quiescent, It = (2.8,uA/kKHz) f+ Ipp 
Per Package) , I = (4.3 wA/kHz) f+ Ipp 
(Cy = 50 pF on ail outputs, all i 

buffers switching) 


Total Supply Current**t Ip = (1.4 wA/kHz) f+ Ipp uAdc 





“Thow = -55°C for AL Device, -40°C for CL/CP Device. 
’ Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
#Noise immunity specified for worst-case input combination. 
Noise Margin for both ae and "0" level = 1.0 Vde min@ Vpp = 5.0 Vde 


2.0 Vde min@ Vop = 10 Vde ee SER ORNE 
2.5 Vde min @Vpp = 15 Vdc This device contains circuitry to protect 


‘the inputs inst damage due to high 
tTo calculate total supply current at loads other. than 50 pF: krabsavenadg 9 : 


3 static voltages or electric fields; however, 
+ I7(C_) = 17 (50 pF) + § x 10° (C_ -50) Vopf _ it is advised that normal precautions be 


where: !7 is in nA (per package), CL in pF, Vpp in Vde, and f in kHz is ipper frequency. taken to avoid application of any voltage 
**The formulas given are for the typical characteristics only at 25°C. igher than maximum rated voltages to 
F this high impedance circuit. For proper 
operation it is recommended that Vip and 
Vout be constrained to the range — < 
K (Vin or Vout) $ Vop- 
- Unused inputs must atways be tied to an 
appropriate logic voltage level (e.g., either 
Vss or Vop). 
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SWITCHING CHARACTERISTICS* (c, =50 pF, Ta = 25°C) 


Output Rise Time 
tr = (3.0 ns/pF) Cy + 30 ns 
tr = (1.5 ns/pF) C_ +15 ns 
ty = (1.1 ns/pF) CL + 10ns 


Output Fall Time. 
te = (1.5 ns/pF) Cy +25 ns ' 
te = (0.75 ns/pF) Cy + 12.5 ns 
ty = (0.55 ns/pF) C_.+ 9.5 ns 
Propagation Delay Time 
tpLH, tPHL = (1.7 ns/pF) Cy, + 260 ns 
tPLH. tpHL = (0.66 ns/pF) Cy + 107 ns 
tPLH. tpHL = (0.5 ns/pF) Cy + 85 ns 


*The formula given is for the typical characteristics only, 


FIGURE 1 — DYNAMIC POWER DISSIPATION 
: TEST CIRCUIT AND WAVEFORM 


Pulse 
Generator 
Variable 
Width . 


FIGURE 2 — SOURCE CURRENT TEST CIRCUIT FIGURE 3 ~ SINK CURRENT TEST CIRCUIT 


Vout = VoL 


External : ; : | External 
Power : : Power 
Supply Supply 
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TEST TABLE 


AC PATHS OC DATA 
INPUT | OUTPUT To Vss _ToVop 


Remaining : 
= i Remaining 
Pee fe 


Chix. Cnty G's 
Catz 


Pulse 
Generator 





TYPICAL APPLICATIONS 
| SS NE VTA MC14581 8 


GO PO Chsx, GI PT Cry 
Cy 


MC145828 





16-Bit ALU, Two-Level Look -Ahead 


MC14581B 












MC145828 MC145828 


32-Bit ALU, Two-Level Look-Ahead Over 16-Bit Groups 


MC145818 








GIP1 Chty 
MC14882B 


MC145828 









Combined two-level look-ahead and ripple-carry ALU 


MC14581B 





Cc 


n 
SG 
° 
ome O_O Q © Q 
GO PO Corx TPt Cory G2 P2 Chiz G3 P. 
c 









MC 145828 





a MC14582B a 
ea | 
. a 
Cnex G1P1 Cnty 
Ch : : 





MC14582B8 


64-Bit ALU, Full-Carry Look-Ahead in Three Levels. 


A and B inputs and F. outputs are not shown (MC14581B). 
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MOTOROLA 
Semiconductors 


BOX 20912 6 PHOENIX, ARIZONA 85036 


MC14583B 


McMOS SSI 


(LOW-POWER COMPLEMENTARY MOS) 


DUAL SCHMITT TRIGGER 


DUAL SCHMITT TRIGGER 


The MC 145838 is a dual Schmitt trigger constructed with com- 
plementary P-channel and N-channel MOS devices on a monolithic 
silicon substrate. Each Schmitt trigger is functionally independent 
except for a common 3-state input and an internally-connected Ex- 


clusive OR output for use in line receiver applications. Trigger levels 
are adjustable through the positive, negative, and common terminals 
with the use of external resistors. Applications include the speed-up 
of a slow waveform edge in interface receivers, level detectors, etc. 


Quiescent Current = 0.5 nA/package typical @ 5 Vdc 

Schmitt Trigger Input Noise Immunity = 60% of Vpp Typical 
Diode Protection on All Inputs 

Supply Voitage Range = 3.0 Vdc to 18 Vdc 

Single Supply Operation — 


L SUFFIX. . P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 


CASE 620 CASE 648 . 


ORDERING INFORMATION 
Capable of Driving Two Low-power TTL Loads, One Low-power 


Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
‘ature Range 


Resistor Adjustable Trigger Levels 


MC14XXXB Suffix Denotes 


ji lL Ceramic Package 
P Plastic Package 
A 


Extended Operating 





; . Temperature Range 
MAXIMUM RATINGS (Voltages referenced to Vgs) : C Limited Operating. 


Symbol 
DC Supply Voltage -0.5 to +18 Vde 
Vv 


Temperature Range 


DC Current Drain per Pin Pi lee 
‘Operating Temperature Range — AL Device ~§5 to +125 
CL/CP Device ~40 to +85 


Storage Temperature Range ~65 to +150 % 


LOGIC DIAGRAM 


Positive A 6 5 NegativeA 
7 Common A 


BLOCK DIAGRAM 


DD 
Input Voltage, All Inputs -0.5 to Vpp + 0.5 Vde 
TA 





Vpp =Pin 16. 


3-State 


Output Disable 


14 Exclusive OR 





12 Bout 


Positive Bo 2 3 1 Common B Vop = Pin 16 
"Negative " Vgs = Pin 8 | 
8B 





Qo 
oO 
oO 
oO 
1 
1 
1 
1 





R= High resistance at output 
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Output Voltage 
Vin = Vpp or O 


“1 Level 


Vin = Qor Vpp 


Input Voitage*# AandB  - ‘0’ Level 
(Vo = 4.5 or 0.5 Vdc) 
(Vo = 9.0 or 1.0 Vde) 
(Vo = 13.5 or 1.5 Ve) 

"1" Level 

(Vo = 0.5 or 4.5 Vdc) 
(Vo = 1.0 or 9.0 Vde) 
(VO = 1.5 or 13.5 Vde) 

Output Drive Current (AL Device) 
(VoH =2.5 Vdc) ~~ Source 
(VOH = 4.6 Vdc) 

(VOH = 9.5 Vde) 

(VoH = 13.5 Vdel 

(VoL = 0.4 Vde) Sink 
(VoL = 0.5 Vde) 

(VoL = 1.5 Vde) 


Output Drive Current (CL/CP Device) : 

(VoH. = 2.5 Vde) Source F F P 

(VOH = 4.6 Vdc) 

(VOH = 9.5 Vde) 

(VoH = 13.5 Vde) : 

(VoL = 0.4 Vdc) Sink ~ 0.88 p= 
20.1 
| +03 | 


(VoL = 0.5 Vde) : 2.25 
(VoL = 1.5 Vde) : i 8.8 


Input Current (AL Device) +0.00001 } +0.1 
Input Current (CL/CP Device) +0.00001 | +0.3 
5 


Input Capacitance : 7. 
a (Vin ad QO) 


Quiescent Current (AL Device) 
(Per Package) 


Quiescent Current (CL/CP Device) 
(Per Package) 





-| Total Supply Current**t 
(Dynamic plus Quiescent, 
Per Package) 


ly = (1.33 HA/KH2) f + Ipp 
ly = (2.65 HA/KH2) f + Ipp 
I+ = (3.98 HA/kH2) £ + Ipp 


(Cy = 50 pF on all outputs, all 
buffers switching) 


Three-State Leakage Current 
(AL Device) 

Three-State Leakage.Current : 1 +1.0 +0.00001} +1.0 75 
(CL/CP Device) : 


*Tiow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
#Noise immunity specified for worst-case input combination. ; 
Noise Margin for both. "1" and 0" level = 1.0 Vde min@ Vpp =5.0 Vde ° 
; 2.0 Vde min@ Vpp = 10 Vde 
2.5 Vde min @ Vpp = 15 Vde 
tTo calculate total supply current at loads other than 50 pF: 
“IT (CL) = 17150 pF) +5 x 10-3 (Cy -50) Vppf 
where: I7 is in uA (per package), Cy in pF, Vpp in Vdc, and f in kHz is input frequency. 
**The formulas given are for the typical characteristics only at 25°C. ; 


wAdc 


+3.0 
x 


uAdc 
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MC 14583B ‘. 
SWITCHING CHARACTERISTICS* (c, =50 pF, Ta = 25°C) 


i Typ 
Characteristic foe Device | All Types one Device 
Output Rise Time 
ty = (3.0 ns/pF) C_ + 30 ns pee 360 
ty = (1.5 ns/pF) CL + 15 ns’ 150 
ty = (1.1 ns/pF) Cy + 10 ns ; 110 


Output Fall Time 
o = (1.5 ns/pF) Cy + 25 ns 100 
= (0.75 ns/pF) Cy + 12.5 ns 50 
ss = (0.55 ns/pF) Cy + 9.5 ns 37 


Propagation Delay Time 
Ain.Bir, to Agut-Bout 
tPLH. teHL = (1.7 ns/pF) Cy + 565 ns 
tPLH. tPHL = (0.66 ns/pF) Cy + 197 ns 
tPLH. tpHL = (0.5 ns/pF) Cy + 125 ns 


Ain.Bin to Agut-Bout 
tPLH. tPHL = (1.7 ns/pF) CL + 1015 ns 
tPLH. teHL = (0.66 ns/pF) Cy + 347 ns 
tPLH. tpHL = (0.5 ns/pF) Cy + 235 ns 


Ain-Bin to Exclusive OR 
tPLH. tPHL = (1.7 ns/pF) Cy + 665 ns 
tPLH. tPHL = (0.66 ns/pF) CL + 257 ns 
tpLH. tpHL = (0.5 ns/pF) CL + 145 ns 


3-State Enable, Disable Delay Time 
ton, toff = {1.7 ns/pF) Ct + 140 ns 
ton. toff = (0.66 ns/pF) Cy + 57 ns 
ton, tote = (0.5 ns/pF) Cy + 30 ns ie : 


Positive Threshold Voltage 
(R1, R2= 5.0 kQ) 


Negative Threshold Voltage 
(R1, R2 = 5.0 kQ) 


Hysteresis Voitage 
(R1, R2=5.0 kQ) 


Threshold Voltage Variation, A to B 
(R1, R2=5.0 kQ) 





*The Formule given is for the Talon characteristics only. 


This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high im- 
pedance circuit. For proper operation it is recommended that Vj, and Vout 6 be constrained to the range Vsg < (Vin or Vout) 


<Vopp. 
Unused inputs must always be tied to an appropriate logic voltage level-(e.g., either Vsg or Vpp). 
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FIGURE 1 — TYPICAL OUTPUT SOURCE AND SINK CHARACTERISTICS TEST CIRCUIT 


OUTPUT SOURCE OUTPUT SINK 
CHARACTERISTICS CHARACTERISTICS 


TEST { V6s7-Vop TEST §VGgs=Vpp 
VALUE 'Vps5 = Vour - Voo VALUE !Vog = Vour 


output SWITCH POSITION SWITCH POSITION 
en ie Saar 
Eos es CS ae 


External 
Power 
Supply 





FIGURE 2 — POWER DISSIPATION TEST CIRCUIT AND WAVEFORMS 


0.01 uF 


oi Ceramic 


Pulse 
Generator 1 i 
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Generator 2 





FIGURE 3 — TYPICAL THRESHOLD POINTS 









































B - Feedback scheme for hysteresis adjustment: 








A — Feedback scheme for independent threshold adjustment: , 80 MTT il 
R1 B70 
: Maite Gait ar NT 
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Positive - 
Common : 10 . 
2 10 20 40° ®100 1.0k '. Wk 100k 1.0M 
Negative : R1, R2, RESISTANCE (OHMS) 
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FIGURE 4 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 


Pulse 
_ Generator 1 
Pulse 
Generator 2 
Pulse 0 2 : 
Generator 3 


Input ty = t¢ = 20 ns 








Voo 
Ain 50% 
Vss 
Voo 
Bin 
Vss 
Voo 
3-State 
Disable 
Vss 
tPHL 
VOH 
Aout . 
VoL 
tPLH 
‘ VoH 
Bout 
VoL 
tPLH 
2 VoOH 
Aout 
SS = VOL 
TPHL 
—— 7 Vou 
Bout 
VoL 
VOoH 
Exclusive . 
OR 





t VoL 


Note: Dashed fines indicate high output resistance. 
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1k* 


Pulse 
Generator 1 












1 
sw 
2 






Pulse 
Generator 2 





* Metal film, + 1%, 1/4 W or greater 
Vss C_ = 15 pF, which includes test circuit capacitance. 









VOH 
10% (VoH ~ Vor’) 
—VOL : 
Vou 








Bout 












Switch Position 2 Switch Position 1 


< VoL’ and Vou’ refer to the levels present as a result of the 1 k ohm load resistors. 
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Advance Information 





HEX SCHMITT TRIGGER 


The MC14584B hex Schmitt Trigger is constructed with MOS 
P-channel and N-channel enhancement mode devices in a single 
monolithic structure. These devices find primary use where low 
power dissipation and/or high noise immunity is desired. The 
MC14584B may be used in place of the MC14069B hex inverter for 
enhanced noise immunity or to “square up” slowly changing 
waveforms. 

Quiescent Current.= 0.5 nA typ/pkg @ 5 Vdc 

Supply Voltage Range = 3.0 Vdc to 18 Vdc 


Capable of Driving Two Low-Power TTL Loads, One Low-Power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range 


@ Double Diode Protection on All Inputs 
Pin-for-Pin Replacement for cD401 O6B and MM74C14 
@ Can Be Used to Replace MC14069B , 


MAXIMUM RATINGS (Voltages referenced to Vg) 


[Rating ———SSSS*dYCSymbor | Value 
Dc Current Brain per Pin ———SSC<dT st tid 


Operating Temperature Range — AL Device -55 to +125 % 
me CL/CP Device -40 to +85 


Storage Temperature Range ; ~65 to +150 


EQUIVALENT CIRCUIT SCHEMATIC 
(1/6 OF CIRCUIT SHOWN) 

















B+ 


This device contains circuitry to protect the inputs against damage due to high 
static voltages or electric fields; however, it is advised that normal precautions be 
taken to. avoid application of any voltage higher than maximum rated voltages to 
this high impedance circuit. For proper operation it is recommended that Vin and 
Vout be constrained to the range Vsg < (Vin or Vout) < Vop- 
Unused inputs must always be tied to.an appropriate logic voltage level (e.g., 
either Vgg or Vpp). 





This is advance information and specification are subject to change withaut notice. 
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McMOS SSI 


(LOW-POWER COMPLEMENTARY MOS) 


HEX 
SCHMITT TRIGGER 


& SUFFIX - P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 632 CASE 646 


ORDERING INFORMATION 


 MC1&XxxB Suffix Denotes 


e tL Ceramic Package 
P Plastic Package 
A Extended Operating 
Temperature Range 


C. Limited Operating 
Temperature Range 





LOGIC DIAGRAM 


Vpp «Pin 14, 
Vsg * Pin 7 





MC14584B | 


ELECTRICAL CHARACTERISTICS 
a ae 
[Max _ | 


: ae Voo 
Characteristic — Vde 


- Mde 
Vde 
Vde 
Vde 






















Output Voltage ~ "0" Level 0.05 
Vin = Vop or 0 0.05 
0.05 


"7" Level 










Vin = O0r Vpp 





Input Voltage # “Q" 
(Vo = 4.5 or 0.5 Vdc) 
(Vo = 9.0 or 1.0 Vde) 


(Vo = 13.5 or 1.5 Vde) 


Level 





. , “4 Level 
(Vo = 0.5 or 4.5 Vdc) . 3.5 
(Vo = 1.0 or 9.0 Vde) 7.0 
(Vo = 1.5 or 13.5 Vde) 11.0 















Output Drive Current (AL Device) 
(VOH = 2.5 Vde) Source 
(VOH = 4.6 Vdc) 

(VOH = 9.5 Vde) 

(Von = 13.5 Vde) 

(Voz = 0.4 Vde) Sink 
(VoL = 0.5 Vde) 
(VoL = 1.5 Vae) 
Output Drive Current (CL/CP Device) 
(VOH = 2.5 Vdc) Source 
(VOH = 4.6 Vdc) 

(VoH = 9.5 Vde) 

(VOH = 13.5 Vde) 

(VoL = 0.4 Vde) Sink 
(VoL = 0.5 Vdc) , 
(VoL = 1.5 Vde) 


input Current (AL Device) | lin | 
Input Current (CL/CP Device) | tin | 


tnput Capacitance Cin 
(Vin = 0) 

Quiescent Current (AL Device) 

(Per Package) 





0.36 mAdc 


ror [=| #10 _| wade | 
r03_| =| #10 | wade | 


oe 
ce ee 
Pert 

































0.25 uAdc 
0.50 ic 
1.00 30 


1.0 75° uAdc 
2.0 15 
4.0 34 


I = (1.8 HA/kKH2) f + Ipp uAdc 
I> = (3.6 #A/KHz) f + Ipp ; 
I7.= (5.4 uA/KH2Z)4+Ipp . 









Quiescent Current (CL/CP Device) 
(Per Package) 
















Total Supply Current* *+ 
(Dynamic plus Quiescent, 
Per Package) 
(CL = 50 pF onall outputs, all 
buffers switching) 





Hysteresis Voltage 


*Tiow = -95°C for AL Device, -40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
#Noise immunity specified for worst-case input combination. 
Noise Margin for both "1" and ‘‘0" level = 1.0 Vde min@ Vpp = 5.0 Vdc 
2.0 Vde min @ Vpp = 10 Vde 
2.5 Vde min @ Vpp = 15 Vde 
tTo calculate total sapaly current at loads other than 50 pF: 
I7(C_) = 17 (50 pF) + 1 x 10-3 (Cy -50) Vpopft 
where: I7 is in uA (per package), Cy in pF, Vpp in Vdc, and f in kHz is input frequency. 
**The formulas given are for the typical characteristics only at 25°C. 


(AA) MOTOROLA Semiconductor Products Inc. 
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SWITCHING CHARACTERISTICS (CL = 50 pF, Ta = 25°C) 


Output Rise Time 


Output Fall Time 


Propagation Delay Time 


Pulse 
Generator 


Output 





FIGURE 2 — TYPICAL SCHMITT TRIGGER APPLICATIONS 








Vin Vout 


(a) Schmitt Triggers will Square up ; (b) A Schmitt trigger offers maximum 
inputs with slow rise and fall times. ; noise immunity in gate applications. 
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4-BIT MAGNITUDE COMPARATOR 


The MC145858 4-Bit Magnitude Comparator is constructed with | 
complementary MOS (CMOS) enhancement mode devices. The cir- 
cuit has eight comparing inputs (A3, B3, A2, B2, A1,-81, AO, BO), 
three cascading inputs (A<B, A=B, and A>B), and three outputs 
(A<B, A=B, and A>B). This device compares two 4-bit words (A 
and B) and determines whether they are “less than”, “equal to’, or 
“greater than” by a high level on the appropriate output. For words 
greater than 4-bits, units can be cascaded by connecting outputs 
(A<B), and (A=B) to the corresponding inputs of the next signifi- 
cant comparator (input A>B is connected to a high). Inputs (A<B), 
(A=B), and (A>B) on the least significant (first) comparator are con- 
nected to a low, a high, and a high, respectively. 

Applications include logic in CPU's, correction and/or detection 
of instrumentation conditions, comparator in testers, converters, and 
controls. 

Diode Protection on All Inputs 

Noise Immunity = 45% of Vppo typical 

High Fanout > 50 

Quiescent Current = 5.0 nA/package typical @ 5 Vdc 

Expandable 

Applicable to Binary or 8421-BCD Code 

Supply Voltage Range = 3.0 Vde to 18 Vdc 

Capabie of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range 


McMOS MSI 


(LOW POWER COMPLEMENTARY MOS} 


4-BIT MAGNITUDE COMPARATOR 


' L SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 


CASE 620 CASE 648 
ORDERING INFORMATION 


MC14XXXB Suffix Denotes 


[s L Ceramic Package 
P Plastic Package 
A Extended Operating 
Temperature Range 
C Limited Operating 
Temperature Range 





MAXIMUM RATINGS (Voltages referenced to Vss) 

Ra P Symbot] Value [Uni] 
DC Supply Voltage _ 
Input Voltage, All Inputs 
OC Current Drain per Pin ‘ Pot P10 made | 









ting 
BLOCK DIAGRAM . 












Operating Temperature Range — AL Device Ta -55 to +125 
: CL/CP Device ~40 to +85 ; 


| Storage Temperature Range : . -65 to +150 





(A€B)in (A>B)out 
AO 

Bo. 

1 Ai (A=B) out 
4 B81 

A2 

B2 (A<Blout 
A3 

B3 





TRUTH TABLE 


COMPARING CASCADING] _-_ OUTPUTS 


AS, 83 [A2,62 | A181 | 0,60 [Ace | A=B | A>B| AB] A-B [ADB | 


' A3>B3 x x x [+ i+) 
A3=B3 | A2>B82 x x 0 _ 0 
A3=B3 | A2=B2 | A1>B1 x oO oO 
A3=B3 | A2=B2 | A1=81 | AO>B80 oO Q 
A3=B3 | A2=B2 | A1=B1 | A0=B0 
A3=B3 | A2=B2 | A1=B1 | AO=6O 
A3=B3 | A2=B2 | A1=B1 | AO=B0 

A3=B3 | A2=62 | Ai=B1 | AO<BO Oo. 3) 

-| Ad=B3 | A2=B2 | A1<B1 x o - 0 
A3=B3 | A2<B2 x. x oO Oo ; 
A3<B3 x: x x J Oo 
















Vpp = Pin 16 
Vss =Pin 8 






X = Don't Care ; 
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ELECTRICAL CHARACTERISTICS - 


Vop 
Characteristic ~_e Vde 


Output Voltage “O" Level 
Vin = Vpp or 0 


“1” Level 
n= O0orVpp 


Input Voltage # : “"O” Level 
(Vo = 4.5 or 0.5 Ve) 
(Vo = 9.0 or 1.0 Vde) 
(Vo = 13.5 or 1.5 Vde) 
“1 Level 
(Vo = 0.5 or 4.5 Vde) 
(Vo = 1.0 or 9.0 Vde) 
(Vo = 1.5 or 13.5 Vdc} 

Output Drive Current (AL Device) 
(VOH = 2.5 Vdc) ‘Source 
(VOH = 4.6 Vdc) 

(VoH = 9.5 Vae) 
(Von = 13.5 Vde} 
(VoL = 0.4 Vde) 
(VoL = 0.5 Vde) 
(VoL = 1.5 Vde) 

Output Drive Current (CL/CP Device) 
(VoH = 2.5 Vdc) Source 
(VoH = 4.6 Vde) 

(Von = 9.5 Vde) 

(VoH = 13.5 Vde) J 

(VoL = 0.4 Vde) Sink 0.88 
' 1 (V9. = 0.5 Vde) : 4. ae 


(VoL = 1.5 Vde) 
+0. — +0.1 


_Jinput Current (AL Device) 
tnput Current (CL/CP Device) +0.00001 | +03 


Input Capacitance. ; 
(Vin = 0) 


Quiescent Current (AL Device) 
(Per Package) 


oO 
9 


2 

5 
ae) 
ck 


s * 
a 


> . 


=z 
: > 
Q 
a 





Quiescent. Current (CL/CP Device) 
(Per Package) 


=— a 
a © ¢ 
a 


Total Supply Current**t yi = (0.6 pA/kHz) f + Ipp 
- {Dynamic plus Quiescent, Z = (1.2 uA/kH2z) f+ Ipp 
. Per Package) ly = (1.8 HA/kHz) f+ 'oD 
(C,_ = 50 pF on all outputs, all a . 
buffers switching) 





*Tlow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
=Noise immunity specified for worst-case input combination. 
Noise Mean for both “1” and “0”' level = 1.0 Vde min@ Vpp = 5.0 Vde 
2.0 Vdc min @ Vop .= 10 Vde 
2.5 Vdemin@Vpp = 15 Vde 
tTo calculate total supply current at loads other than 50 pF: 
IT(CL) = 17(50 pF) +1 x 10-3 (C_ -50) Vopf 
where: |-7 is in wA (per package), CL in pF, Vpp in Vdc, and f in kHz is input frequency. 
**The formulas given are for the typical characteristics only at 25°C. 
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SWITCHING CHARACTERISTICS® (c, = 50 pF, Ta = 26°C) 








Output Rise Time 
ty = (3.0 ns/pF) Cy + 30 ns 
ty = (1.5 ns/pF) CL + 16 ns 
ty = (1.1 ns/pF) CL + 10 ns 

| Output Fall Time 

te = (1.5 ns/pF) Cy + 26 ns 
te = (0.76 ns/pF) Cy + 12.5 ns 
te = (0.55 ns/pF) Cy + 9.6 ns 

Turn-Off Delay Time 
tpLH. tpHL, = (1.7 ns/pF) C_ + 345 ns 
tPLH. tery = (0.66 ns/pF) C_ + 147 ns 
tPLH. tpHy = (0.6 ns/pF) C, + 105 ns 


“The formula given is for the typical characteristics only. 


FIGURE 1 — DYNAMIC POWER DISSIPATION 
SIGNAL WAVEFORMS FIGURE 2 — DYNAMIC SIGNAL WAVEFORMS 


20 ns 





A3 Vss 





Voo 







83 Vss 


VOoH 


(A>B) out Voi 


(A< Bout 


(A=B)out VoL 





Vou 


Inputs (A>B) and (A=B) high, and inputs B3, A3, B2, A2, B1, 
At, AQ, and (A< 8B) low. 


te 
> a, 
) <_< 
eee ae 


(A<B)out VoL 


tnputs (A>B8) and (A=B) high, and inputs B2, A2, B81, A1, BO, 
AO and (A< 8) low 
f in respect to a system clock. 











This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to avoid application of any voltage higher than maximum rated voitages to this high im- 
pedance circuit. For proper operation it is recommended that Vip and Vout be constrained to the range Vsg < (Vin or Vout) 
<Vpp. ee | 
Unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vgg or Vpp). 
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FIGURE 3 — CASCADING COMPARATORS 
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MC14685B 


WORD 8 = 811, B10, --, BO. 


a 
a 
< WORD A= A11, A10, ---, AO. 





Outputs 


LOGIC DIAGRAM 





12 
(A<Blout 





7 , 
O(A>B) out 


i Pa 4> O(A=B)out 
y e—P>o—d > 
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McMOS Reliability 


Paramount in the mind of every semicon- 
ductor user is the question of device performance 
versus time. After the applicability of a particular 
device has been established, its effectiveness de- 
pends on the length of troublefree service it can 
offer. The reliability of a device is exactly that — 
an expression of how well it will serve the 
customer. The following discussion will attempt 
to present an overview of Motorola’s MOS Re- 
liability efforts. 


BASIC CONCEPTS 


It is essential to begin with an explanation of 
the. various parameters of reliability. These are 
probably summarized best in the. Bathtub Curve 
(Figure 1). The reliability performance of a device 
is characterized by three phases: infant mortality, 
random failure and wearout. When a device is 
produced there is often a small distribution of 
failure mechanisms which will exhibit themselves 
under relatively moderate stress levels and there- 
fore appear early. This period of early failures, 
termed. infant mortality, can often be reduced 

. Significantly through proper manufacturing con- 
trols and screening techniques. The most effective 
period is that in which only occasional random 
failure mechanisms appear. This typically spans 
a long period of time with a very low failure 

' rate. The final period is that in which the devices 
literally wear out due to continuous phenomena 
which existed at the time of manufacture. Using 
reasonable design techniques and selectivity in 
applications, this period can easily be shifted 
beyond the lifetime required by the user. 


FIGURE 1 — THE BATHTUB CURVE 


Random Failure 
Mechanisms 


' Infant 
Mortality 


Wearout 
Phenomena 


Failure Rate 





jae Ee Sa eee 
Time. - : 


Random Failure 

Both the infant mortality and random failure 
rate regions can be described through the same 
types of calculations. During this time the prob- 


ability of having no failures to a specific point in 
time can be expressed by the equation 


Frequency 


6-2 


Po =emAt 

where A is the failure rate and t is time. Since 
A is changing rapidly during infant mortality, the 
expression does not become useful until the ran- 
dom period, where A is relatively constant. In this 
equation A is failures per unit of time. It is usually 
expressed in percent failures per thousand hours. 
Other forms include FIT. (Failures In Time = 
[ %/103 hrs} x 10-4 = 10-9 failures per hour) 
and MTTF (Mean Time To Failure) or MTBF 
(Mean Time Between Failures), both being equal 
to 1/A and having units of hours. 

Since reliability evaluations usually involve 
only samples of an entire population of devices, 
the concepts of the Central Limit Theorem apply 
and A is calculated using the x2 distribution 
through the equation: 


2 x2 (Q, 2r + 2) 
2nt 


100-CL 


where - m 00 


CL = Confidence Limit in percent 
r = Number of rejects . 
n = Number of devices 

t = Duration of test 


The confidence limit is the degree of con- 
servatism desired in the calculation. The Central 


‘Limit Theorem’ states that the values of any 


sample of units out of a large population will 
produce a normal distribution. A 50% confidence 
limit is termed the best estimate and is the mean 
of this distribution. A 90% confidence limit is a 


-very conservative value and results in a higher 


A which represents the point at which 90% of 
the area of the distribution is to the left of that 
value (Figure 2). The term (2r + 2) is called the 
degrees ‘of freedom and is an expression of the 
number of rejects in a form suitable to x2 tables. 


FIGURE 2 — CONFIDENCE LIMITS AND THE 


_ DISTRIBUTION OF SAMPLE FAILURE RATES 


50% CL - 





90% CL 
| 7 


A, Failure Rate 


The number of rejects is a critical factor since the 
definition of rejects often differs between manu- 


facturers. While Motorola uses data sheet limits 
to determine failures, sometimes rejects are count- 
ed only if they are catastrophic. Due to the 
increasing chance of a test not being represen- 
tative of the entire population as sample size and 
test time are decreased, the x2 calculation pro- 
duces surprisingly high values of A for short test 
durations even though the true. long term failure 
rate may be quite low. For this reason relatively 
large amounts of data must be gathered to demon- 
strate the real long term failure rate. Since this 
would require years of testing on thousands of 
devices, methods of accelerated testing have 
been developed. 

Years of semiconductor device testing has 
shown that temperature will accelerate failures 


and that this behavior fits the form of the 


Arrhenius equation: 
R (t) = Rg (t)e-O/kKT 


where R (t) = Reaction rate as a function of time 
and temperature 
Ro =Aconstant 


t = Time 

7] = Activation energy in electon volts 
k = Boltzman’s constant 

T = Temperature in degrees Kelvin 


To provide time-temperature equivalents this 


equation is applied to failure rate calculations 
in the form 


where 
‘t =time 
tg = A constant 


The Arrhenius equation essentially states that 
reaction rate increases exponentially with temper- 
ature. This produces a straight line when plotted 
on log-linear paper with a slope expressed by 0: 
@ may be physically interpreted as the energy 
threshold of a particular reaction or failure mech- 
anism. The activation energy exhibited by MOS 
integrated circuits varies from about 0.7 eV for 
serious contamination problems to about 1.3 eV. 
Although the relationships do not prohibit devices 
from having poor failure rates and high activation 
energies, good performance usually does imply 
a high @. Studies by Bell Telephone Laboratories 
have indicated that an overall 6 for semiconductors 
is 1.0 eV. This value has been accepted by the 
Rome’ Air Development Command for time- 
temperature acceleration in powered burn-in as 
specified in Method 1015.1 of MIL-STD-883A. 
Data taken by Motorola on MOS devices has 
verified this number and it is therefore applied 
as our standard time-temperature regression for 


extrapolation of high temperature failure rates to 
temperatures at which the devices will be used 
(Figure 3). 

To accomplish this, the time in device hours 
(t1) and temperature (T1) of the test are plotted 
as point P1. A vertical line is drawn at the tem- 
perature of interest (T2) anda line with a 1.0 eV 
slope is drawn through point P1. Its intersection 
with the vertical line defines point P2, and deter- 
mines the number of equivalent device hours (t2). 
This number may then be used with the x2 formula 
to determine the failure rate at the temperature 
of interest. Assuming T1 of 125°C at t1 of 
10,000 hours, a t2 of 7.8 million hours results 
at a T2 of 50°C. If one reject results in the 
10,000 device hours of testing at 125°C, the 
failure rate at that temperature will be 20%/1000 
hours using a 60% confidence level. One reject 
at the equivalent 7.8 million device hours at 50°C 
will result in a 0.026%/1000 hour failure rate, 
as illustrated in Figure 4. 

Three parameters. determine the failure: rate 
quoted by the manufacturer: the failure rate at 


_ the test temperature, the activation energy ‘em- 


ployed, and the difference between the test 
temperature and the temperature of the quoted 
A. A term often used in this manipulation is the 
“acceleration factor’ which is simply the equiva- 
lent device hours at the lower temperature divided 
by the actual test device hours. 
Wearout . 

Every device will eventually fail, but with 
reasonable care in design and application the wear- 
out phase can be extended far beyond the lifetime 
required. During wearout, as in infant mortality, 
the failure rate is changing rapidly and therefore 
loses its value. The parameter used to describe 
performance in this area is “Median Life’’ and is 
the point at which 50% of the devices have failed. 
There are currently only two significant wearout 
mechanisms: electromigration of circuit metalli- 
zation and electrolytic corrosion in plastic devices. | 

Electromigration is the current induced mass 
transport of metallization due to high temperature 
and current density. It is strongly affected by the 
type of metallization as well. as the grain structure 
and surface sealing. {t is therefore important that 
the designer predict the maximum junction tem- 
perature of the device, the current on all space 
limited lines and the process characteristics such 
as thickness variation, grain size, and step coverage. 
With these parameters fixed, a median life goal 
can be selected and the metal width chosen ac- 
cordingly. Reasonable consideration in the design 
phase coupled with careful die inspection can 
therefore eliminate this phenomena as one of 
practical concern. 


| FIGURE 3 — NORMALIZED TIME-TEMPERATURE REGRESSIONS FOR. 
VARIOUS ACTIVATION ENERGY VALUES 
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For increased flexibility in working with a broad range of device hours, the time-temperature 
regression lines have been normalized to 500°C and the time scale omitted, permitting the user 
to define the scale based on his own requirements. ; , 
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FIGURE 4 — FAILURE RATE 
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_A more pertinent mechanism is the electro- 
lytic corrosion of die metallization by moisture 
and applied voltage. Although it can occur in 
hermetic packages which are not properly sealed, 
hermeticity testing can easily limit it to plastic 


packaging. In plastic devices there is never enough — 


adhesion between the plastic and the other com- 
ponents to overcome the stresses developed due 
to differing coefficients of thermal expansion. As 
a result moisture can enter the device along the 
interface of the lead frame and the plastic, pass 
between the surface of the wire and the plastic 
and reach the surface of the die. If contaminanis 
are present in the water or in the package an 
electrolyte is created which will corrode the metal- 
lization in the presence of an electric field. The 
median life is determined by many factors such as: 

1. Matching of thermal expansion coefficients 

of the leadframe, wire, die and plastic 

2. Purity of the encapsulant 

3. Adhesion of the encapsulant 

4. Length and width of the leadframe interface 

5. Integrity of the final die passivation layer. 


Plastic package corrosion is evaluated by ex- 
posing the device to extremes of temperature and 
humidity while under bias. Through consistent 
bias configurations and control ‘of the environ- 
ment, temperature-humidity-bias (THB) testing 
can be an invaluable indicator of performance. 
Typical test parameters are 85°C and 85% relative 
humidity. Pressure cooker test and operating tests 
under tropical conditions are also employed but 
are more difficult to repeat consistently. The 
problem with all the tests, however, is the diffi- 
culty in relating the results to the environment 
in which the customer will use the device. To 
accomplish this a model has been developed which 
substitutes vapor pressure for temperature in the 
Arrhenius equation. When available data points 


are used to adjust the constants, the plot in Fig- 
ure 5 is the result. Based on several variations of 
THB conditions and extrapolated. performance 
from burn-in tests, this model provides a good 
estimate of performance across the range of 


’ temperature and humidity environments possible 


in the customers application. 
Sampling Procedures 


There are primarily three attieds of measur- 
ing how well a lot of product meets the quality 
and reliability requirements of the customer: 
100% testing using a Percent Defective Allowable 
(PDA), sampling based on an Acceptance Quality 
Limit (AQL), and sampling based on a Lot Toler- 
ance Percent Defective (LTPD). Since 100% test- 
ing is time consuming and expensive, sampling 
procedures are typically employed to assure ac- 
ceptably tow defect levels. 

A PDA is simply a reject percentage above 
which the lot will be rejected. Depending on how. 
the PDA was derived, it may or may not be 
statistically sound. The availability of theoretically 
accurate sampling plans in the various military 
specifications has led to wide use of AQL and 
LTPD plans. Depending on lot size and sample 
size, three different probability distributions may 
be used to derive the sampling plan: the Binomial, 
the Hypergeometric and the Poisson. The assump- 
tions of a particular sample size (n) and accept- 
ance number (c) and the use of these distributions 
will generate an Operating Characteristic (OC) 
Curve. as in Figure 6. The AQL is defined at the 
95% probability of lot acceptance level while the 
LTPD is defined at the 10% level. The AQL point 
describes the Producer's Risk of rejecting good 
lot (5%) while the LTPD point describes the 
Consumer's Risk of accepting bad lot (10%) given 
that the incoming product contains the percent 
defective p. 


Median Life. (Hours) 


FIGURE 5 — VAPOR PRESSURE MODEL FIGURE 6 — OPERATING CHARACTERISTIC CURVE 
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It is important to remember that although the 
concepts of Producer’s and Consumer’s Risk are 
utilized to describe AOLs and LTPDs, both are 
merely indicators of the performance of the 
original population. Both plans are widely used 
by manufacturers and users alike. By definition, 
LTPDs employ fixed sample sizes while AQL 
plans adjust the sample size according to the lot 
size. As in the case of failure rate determination, 
the criteria established to determine rejects and 
their interpretation are key factors in determining 
the performance of lots during inspection. 


THE SOURCE OF RELIABILITY 


One of the most popular sayings about relia- 
bility is that it must be “built in’, not “tested 
in”. Every manufacturing process exhibits a 
distribution of quality and reliability. The intent 
of the saying is that this distribution must be 
controlled to assure a high mean value, a narrow 
range and a consistent shape. Through proper 
design and process control this can be accom- 
plished, thereby reducing the task of screening 


programs which attempt to eliminate the lower . 


tail of the distribution. 


Design 

A close interface must be maintained between 
reliability and design. For this reason a large part 
of the reliability staff is dedicated to a day by 
day interface with the device design and modeling 
_ groups. Through this mutual effort new tech- 
niques are evaluated and proven before they are 
committed to production. Special test vehicles are 
generated and experiments performed to verify 
that the performance of new approaches meets or 


exceeds the. standards of the product line. This . 


effort is not only a beneficial application of relia- 
bility but an absolute necessity to provide the 
rapid product development demanded by the 
dynamic integrated circuit marketplace. 


Processing 


In addition to the design interface, reliability 
engineers work closely with process engineers in 
both the wafer and assembly areas. As each new 
process is developed, it is also tested to assure 
that it presents no hazards to the reliability of 
the ultimate product. This testing is an extensive 
qualification program which is performed inde- 
pendently on processes, packages and designs. 


New wafer processes are qualified using process 
control patterns and prototypes of production 
devices. Each new package is tested using methods 
based on MIL-STD-883A. Assembly process 
changes are qualified by employing them in the 
construction and testing of well characterized 
products. After these primary level qualifications, 
wafer processes are generically qualified in new 
packaging systems to assure process-package com- 
patibility. While assembly oriented qualifications 
center around the thermal-mechanical sequences 
of MIL-STD-883A, wafer process qualifications 
emphasize dynamic high temperature stress test- 
ing. (see Figures 7 and 8.) 


After testing has proven the performance of 
the process, it is specified and documented to 
provide a baseline for process control. Beyond, the 
detailed process control efforts of the process 
engineering groups, an In-Process Quality Assur- 
ance (IPQA) group exists to assure that process 
control is meeting its objectives. IPQA accom- 
plishes this through surveillance of both the wafer 
and assembly areas (see Figure 9). There are two 
major inspection points in the wafer processing 
areas: CV Plotting and Final Visual. Samples from 
each wafer lot are stringently. tested for voltage 
shift and inspected for gold backing and visual 
defects. The major inspection points in the 
Assembly Area are Die Visuals, Die Bond, Wire 
Bond and Pre-Cap. 


FIGURE 7 — PACKAGE EVALUATION 
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All of these inspection points are known as 
“Gate Inspections” and are performed on lots of 
material. Wafers are grouped into lots which 
generally consist of thirty to fifty wafers while 
individual devices are grouped into assembly 
orders consisting of 500 to 2000 devices. Each 
lot or assembly order is submitted to In-Process 
Quality Assurance Gate Inspection. If accepted, 
they are passed to the next operation, while 

_ faited material is returned to Production for 100% 
screening. Only the wafers or devices that meet 
all established standards are accepted for con- 


tinued processing. 


N 


“Monitor” inspections are performed in the 
assembly area on each individual machine and 
operator. The monitors are designed to control 
the operation, and provide feedback of quality 


problems to the responsible Production super- 

vision. Periodic line audits are used to check for: 
1. Documented procedures on each operation 

Proper usage of specifications 

Up-to-date calibration of equipment 

Proper settings on equipment 

Housekeeping 

Safety precautions. 


2 eS 


Comprehensive training programs are provided 
for all domestic and off-shore personnel, new 
plant start-ups, changes in specifications, or pro- 
cess changes. The primary objective is to evaluate 
the materia! in process and assure that MOS prod- 
ucts meet the levels of reliability and quality 
which are consistent with the. requirements of 
our customers. 


/ ‘ FIGURE 8 — INITIAL EVALUATION OF NEW PRODUCT 
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FIGURE 9 — IN-PROCESS QUALITY ASSURANCE FLOW CHART 
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. During the past thirty years that semicon- 
ductor products have existed, a wide variety of 
screening techniques have evolved to eliminate 
the lower tail of the process distribution discussed 
previously. These techniques may be categorized 
in two ways, as illustrated by the two axes of the 
matrix in Figure 10. The performing agency 
varies depending on the type and purpose of the 
test. Most screens utilized by the industry today 
are based on MIL-STD-883A and are employed 
by Motorola in the various categories of Figure 10. 


Several 100% visual screens are performed 
during assembly using both stereozoom and metal- 
urgical microscopes. Subsequent sampling is per- 
formed by In-Process Quality Assurance as de- 
scribed above. Assembly mechanical tests for 
hermetic product consist of: 

1. Gross leak sampling 

2. Temperature cycling — 

3. Krypton-85 fine leak testing. 
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Other tests available as adders include stabilization 
bake and centrifuge. Stabilization bake originated 
with Mesa transistors which had exposed junctions. 
The high temperature bake had a significant effect 
on stabilizing the junction leakage and low cur- 
rent beta. Since integrated circuits have no ex- 
posed junctions, Motorola has found no benefit in - 
stabilization bake. The intent of centrifuge is to 
exert a force on the wire bonds which would 
detect latent failures. Calculations have shown 
that even at 30,000 Gs, a higher than normal 
military requirement, the force. on a wire is in the’ 
order of 100 mg. This is insignificant compared 
to a wire pull average of at least 7000 mg. Since 
each wire bonder is sampled continuously to pro- 


' vide constant control, centrifuge becomes a 


needless screen. Occasionally die bonds can fail in 
acentrifuge test, but Motorola controls this factor 
by employing stringent fillet and wetting criteria 
in a 100% visual screen enforced by In-Process QA. 


FIGURE 10 — TESTING CATEGORIES 
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Many vendors offer extensive screening pro- 
grams as an adder. Although some features defi- 
_nitely improve reliability, many are far from cost 
effective. As in the case of stabilization bake 
and centrifuge for hermetics, many unnecessary 
screens are applied to plastic product. Stabiliza- 
tion bake is often touted as a screening procedure 
for plastics, but this is usually the standard cure 
cycle through which every plastic device is pro- 
cessed. Temperature cycling and thermal shock 
are tests commonly employed to test for latent 
wire bond failures. This was a significant problem 
when the industry was using aluminum wire on 
various silicone compounds, and continues to be 
for those vendors who have not properly balanced 
the thermal expansion coefficients of the package 
components. Motorola, like many of the large 
suppliers, has spent years of research and testing 
in optimizing its epoxy Novolac plastic package 
to the extent that temperature intermittence has 
been virtually eliminated. In addition,. recent 


‘FIGURE 11 — MOS OUTGOING 
QUALITY ASSURANCE 
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work by Fitch* has shown that repeated tem- 
perature excursions over the military temperature 
range definitely degrade the THB life of plas- 
tic product. 

At the end of the assembly process, production 
final test screens the product with a comprehen- 


- sive series of dc, functional, and speed oriented 


electrical tests. These tests are normally more 
Stringent than data sheet requirements and are 
sampled by Outgoing Quality Assurance. Outgoing 
QA establishes controls on the equipment, pro- 
cedures and test programs. Through the use of 


' such monitoring and standard correlation units, 


this In-Line Quality System (Figure 11) certifies 
that each unit has been screened to program limits 
such that all specifications are met or exceeded. 
Complementing the In-Line systems is a statistical 
sampling program based on MIL-STD-883A, Meth- 
od 5005.2. This Group A inspection to Class B 
levels is detailed in Figure12. 
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* Fitch, William and Carpenter, Marvin: The Effect 
of Thermal Shock and High Temperature Storage — 


on the Temperature Humidity Bias Life of Plastic — 


Encapsulated TTL Gates, RLC #1239 Motorola 
Integrated Circuit Reliability Report. 
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FIGURE 12 — GROUP A ELECTRICAL TESTS? 
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Subgroup 1 
Static tests at 25°C 
Subgroup 2 
Static tests at maximum rated operating temperature 
Static tests at minimum rated operating temperature 
Subgroup 4 
Dynamic tests at 25°C 
Subgroup 5 
Dynamic tests at maximum rated operating temperature 
Subgroup 6 
Dynamic tests at minimum rated operating temperature 
Subgroup 7 
Functional tests at 25°C 


Functional tests at maximum and minimum rated operating 


Subgroup 9 
Switching tests at 25°C 
Subgroup 10 
Switching tests at maximum rated operating Femperatuls 
ae 11 
Switching tests at minimum rated operating temperature 


1 The specific parameters to be included for tests in each subgroup shall be as specified in the applicable procurement 
document. Where no parameters have been identified in a particular subgroup or test within a subgroup,.6 no 
Group A testing is required for that subgroup or test to satisfy Group A requirements. 


2 A single sample may be used for all subgroup testing. 


_ *Combined subgroups 1 and 7. 


In addition to these two programs, all MOS 
product lines are monitored continuously via an 
MOS Ongoing Reliability Evaluation (MORE) 
_ Program for mechanical, environmental and oper- 
ating life performance. This program evaluates the 
most recently manufactured product on a sched- 
uled basis with methods derived from MIL-STD- 
883A (see Figure -13). MORE provides current 
generic data for process control feedback and, 
just as important, a ‘’no charge’’ assurance of com- 
pliance to military quality standards for all 
MOS products. 

When necessary, production burn-in is per- 
formed on particular device types. Burn-in pro- 
cedures are always available at competitive ad- 
ders. Qualification testing by Reliability Engin- 
eering has been described, and Motorola’s relia- 
bility data is presented in the following section. 


SYSTEM IMPLEMENTATION 
Assessing System Requirements 


The reliability needs of each system and appii- 
cation differ significantly, so the various aspects 
of component performance must be analyzed 
separately. The two parameters which should be 
addressed initially are infant mortality and long 
term random failure rate. Systems with large 


numbers of components require greater com- 
ponent reliability. Infant mortality should be esti- 
mated and used to calculate service costs. This 
data should be balanced against the cost of a 
functional burn-in and possibly a board or system 
burn-in. Long. term reliability goals should be 
established for the system and used to calculate 
the necessary long term failure rate for the com- 
ponents. Long term failure rates cannot be effec- 
tively improved by short burn-ins.unless they 


Jinclude infant mortality failures. (Infant mortality 


is included in Motorola’s data.) Infant mortality 
can be effectively screened by short term acceler- 
ated stress testing such as a 24 to 48 hour high . 
temperature functional burn-in. The concepts 
defined earlier can be used to relate the burn-in to 
equivalent system hours. Often, customers who 
are experiencing problems fail to distinquish 
between infant mortality, long term reliability 


‘and wearout. It is imperative that failure patterns 


be sufficiently investigated and recorded to accom- 
plish this. Buying a Hi Rel device will not solve a 
problem caused by poor handling or an unforseen 
overstress in. the application. / 

The system environment should be given care-— 
ful consideration when choosing between plastic 
and hermetic packages. Sustained high temper- . 
ature and humidity will accelerate the corrosion 


Comparing Competitors’ Data 


wearout mechanism in plastic according to the. _ Every manufacturer has a slightly. different 
model in Figure 5. Office environments, however, | method of generating his reliability data. It is 
will rarely produce..a detectable difference in therefore difficult for a user inexperienced in 
plastic and hermetic packages. Since the die and reliability calculations to make a valid comparison. 
wire bonding systems are totally encapsulated in Toward this end the concepts introduced earlier 
plastic, these packages can often outperform her- - will be of great value. The following list should be 
metics for both thermal conductivity, and mech- verified before any conclusions of vendor superi- 
anical shock and vibration resistance. The potential — ority are drawn. 
for moisture condensation should be evaluated in 1. Confidence limit op. 
light of the lead material and finish, whether the 2. Reject criteria (degradation, data sheet, 
package is hermetic or plastic. Unusually moist or functional, catastrophic, specific mech- 
contaminated atmospheres can rapidly corrode anisms) 
ferrous metals under bias, regardless of the finish 3. Temperature of test 
material. _ -4. Activation energy 

Cost effectiveness is also influenced by the 5. Distortion of failure rate due to a low 
number of defective units received by the cus- number of device hours 
tomer. For various reasons, a small percentage of 6. Biasing configuration 
product is defective as received. This may be due 7. Test monitoring (system failures can pro- 
to handling, correlation, shipping damage or a duce impressive results due to less stringent 
‘host of minor difficulties. The percentage of these stress being applied to the device). 
defects should be less than one percent and any > 
significant levels should be discussed with the Only jf all these factors are considered cana truly | 
vendor immediately. objective comparison be made. , 


FIGURE 13A — PRODUCTION LINE PROCESS EVALUATION 
(Independent of package unless otherwise noted) 
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operating temperature. (Go/No go) - 
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Electrical Switching Critical switching parameters per detail device specification at 25°C + 5°C. (Go/No go) 
Subgroup A4 
Electrical Continuity Plastic package only; all pins at 125°C. (Go/No go) 
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1000 hours at maximum rated storage temperature. 
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End Points: Electrical 


1000 hours minimum at maximum rated operating temperature. Conditions specified per 
device type in 12MRBO6389A. : aaa 


Functional and dc at 25°C + 5°C; read and record at 168 hours, 500 hours, 1000 hours, 
and each 1000 hours until termination. 
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FIGURE 13B — HERMETIC PACKAGE EVALUATION 
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FIGURE 13C — PLASTIC PACKAGE EVALUATION 
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_ Motorola Data 


Motorola MOS failure rates are generated by 
dynamic high temperature stress testing at the 
maximum. ratings of the device, or higher. A 60% 
confidence level is employed in the standard 
x2 calculation and the Arrhenius model, with a 


_ 1.0 eV activation energy, is used to extrapolate the — 


data to typical operating temperatures. 1.0 eV was 
chosen based on the work done at Bell Tele- 
phone Laboratories, its acceptance by the Rome 
Air Development Command for MIL-STD-883B, 
and its consistency with our MOS data. Failure 


_rates for CMOS are shown in Figures 14a, 


b, and c. 


To assure data representative of the CMOS family, 
samples are randomly taken from standard production 
lots which have completed all standard processing and 
electrical testing. No special processing or electrical test- 
ing is conducted. The results presented are based on long- 
term ‘life testing of the féllowing device types within 


each logic category: 


Gates Arithmetic Memories 
Mc14001 =‘ Functions 
MC14002 MC14008 

MC14007 . MC14585 

MC14011 

MC14012 

MC14023 

MC14025 

MC14501 

MC14506 


MC14514 MC14027 


Decoders Flip-Flops Latches 
MCM14505 MC14511 MC14013 MC14508 





Inverters Functions Registers Timers 


Buffers/ Special Shift Counters/ Multiplexers/ 

Data Selectors 

MC14049 MC14532 MC14006 MC14022 MC14016 

MC14050 MC14583 MC14021 MC14040 MC14512 
MC14510 MC14519 
MC14518 MC14539 
MC14520 


All incremental electrical tests are performed to pro- 
duction final test limits (data sheet. limits). Results in- 
‘clude both catastrophic failures (non-functional) and 
degradation failures (functional devices which do not 


meet data sheet specifications). 


Based on long-term life test data, the current failure 


“ rates indicated are: . 


Device Operating 85°C 125°C - See 
Series Voltage Failure Rate Failure Rate Figure 
AL 18 volts 0.0150%/1000 hrs. 0.432%/1000 hrs. 14 
10 volts 0.00092%/1000 hrs. 0.028%/1000 hrs. 14a 
CL 15 volts 0.06%/1000 hrs. i 14b 
10 volts 0.0132%/1000 hrs. sf 14b 
CP. 15 volts 0.120%/1000 hrs. * _ 14¢ 
10 voits 0.009%/1000 hrs. m 14¢ 


*Exceeds data sheet operating temperature limitations 


~ The relationship of failure rate to operating tempera- 
ture and operating voltage is presented in Graphs 1 (AL 
series), 2 (CL series), and 3 (CP series). 


‘Parametric stability is indicated in the graphs of total device current and threshold drift. 
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FAILURE RATE VS RECIPROCAL TEMPERATURE 


TEMP: 1000/°K 


FIGURE 14a — AL SERIES 
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TEMP: °C 


- Wafer process variations are continuously mon- 

itored by classification probe and capacitance 
voltage testing in the wafer area, and by MORE 
sampling in Outgoing Quality Assurance. In addi- 


tion to this, a system of periodic reliability tests — 


‘is being implemented with Process Control pat- 


terns to establish the process distribution and 
track significant variations. Current: tests with | 
10 V static bias at 150°C for 10,000 hours 
produced the plots of threshold stability shown 
in Figure 15a. Chip current changes after 10,000 
hours of life test are shown in Figure 15b. 


FIGURE 15a — THRESHOLD VOLTAGE CHANGE VERSUS LIFE TEST HOURS 
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100 1000 10000 


HOURS 


1, Electrical Tests @ 25°C 
2. Life Tests @ 150°C 
_ 3. Data Shown for Dual 4-Input NOR Gates 


Notes: 


FIGURE 15b— CHIP CURRENT CHANGE after 10,000 HOUR LIFE TEST 


Vop = 10 Vdc; INPUTS AT Von 


TOTAL CHIP CURRENT IN na (0 HRS.) 


TOTAL CHIP CURRENT IN nA (10,000 HRS.) 





TOTAL CHIP CURRENT IN nA (0 HRS.) 


Vop = 10 Vde; INPUTS AT Vss 





“TOTAL CHIP CURRENT IN nA (10,000. HRS.) 


1, Electrical Tests @ 25°C 
2. Life Tests @ 150°C 
3. Data Shown for Dual 4-Input NOR Gates 


Notes: 
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FIGURE 16 — PERFORMANCE HISTORY | 
(TEMPERATURE HUMIDITY BIAS, WEIBULL PROBABILITY) 


99. : 
eames A Ge nF 0 8 OG a 
= HHH EHH 


6 r—_} 85% RH | 
0 10 Vdc Biest 


Cumulative Percent Failure 


100 2 





1,000 


6 10,000 


Age at Failure re 


An ongoing improvement program has pro- 
duced impressive results in plastic package temper- 


ature-humidity-bias performance. Based on CMOS ~ 


“testing, the Weibull plots of Figure 16 demonstrate 
this trend. There is a full two fold increase in 
median life since the data used to generate the 
vapor pressure model in Figure 5. Although it is 
not known if a parallel shift of this curve to the 
latest 85/85 results (ML = 4200 hours) is justified, 
the extrapolated performance to normal environ- 
ments is impressive. 

Periodically samples of competitors’ product 
bought from distributors are tested with Motorola 


methods. To date no other vendor has performed 


as well as Motorola (see Figure 17). This data was 


gathered on CMOS product, and is an excellent 


indicator of the Motorola plastic packaging system. 
Proper evaluation of rejects and feedback to 
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. processing can occur only through intensive failure 


analysis. To support the processing areas, product 
groups and R & OA, a Product Analysis Labor- 
atory exists. ‘‘State-of-the-art” analytical tools are 
at its disposal including mass spectrometry, Auger, . 
electron ‘microprobe, scanning electron micro- 
scopy (with voltage contrast strobe capability) and 
others too numerous to mention. This capability 
is complemented by computer tracking systems 
to evaluate failure patterns and distributions. A 
simplified example* is illustrated in the bar chart 
of Figure 18. 

Detailed information on specific device types. 
is available through individual reliability reports. 
This series also includes program plans, CMOS 
and N-Channel. generic reports and a plastic 


_ packaging report. 


*Based on test rejects and field failures. 
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FIGURE 17 — VENDOR COMPARISON 


A — Temperature Humidity Bias 
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B — Other Testing 


Thermal 
1000 Hour |} Shock and 
Burn-in Temperature 
Vendor % Failure . Cycling 


Motorola 





Processing and Handling 


No matter how good the reliability data, 
screening procedures, or incoming inspection, 
devices are still subject to degradation or des- 
truction by processing and handling. All MOS 
vendors use input protection devices and most 
perform well, but there is no device which totally 
protects the circuit against all conditions. Most 
users are familiar with good static prevention 
procedures, but there are few, if any, who could 
not have prevented a small percentage of in- 
process failures by a careful review of their 
assembly lines. A discussion of handling pro- 
cedures is found in Chapter 3. Every point at 
which a MOS device is handled apart from its 
conductive foam or rail should be evaluated. 
Conductive work :surfaces- and wrist straps 
(making contact with skin) should be tied to 
ground through a nominal one megohm resistor. 
Test equipment shotid be checked to assure 
grounded sockets during insertion and _ the 
absence of voltage spikes. Printed circuit board 
handling should be consistent with device handling 
using conductive bags or edge connectors. -Con- 
formal coating processes (which can extend the 
application range of plastic) or cleaning pro- 
cedures should not be overlooked as possible 
sources of difficulty. Service personnel should 
be educated in handling procedures since even 
when service is completed successfully, valuable 
failure information can be. masked by static 
damage. With reasonable effort very little static 
damage can be expected, but a review is 
always worthwhile. 


FIGURE 18 — FAILURE CAUSE 


Category 


Gate Rupture 

Electrical Overstress 

No Defect Uncovered 
Wire and Die Bonds 

’ Current Leakage 
Wafer Processing Defect 


Test. Correlations 


Improper board cleaning procedures can often 
degrade plastic product performance. High purity 
flourocarbon systems are preferred to water based 
systems which can more easily introduce contam- 
inants, particularly in the presence of wetting 
agents. Cooling the device during the clean or 
pressurized systems can also enhance the entrance 
of moisture and contaminants into the package 
along the lead-plastic interface. Even if contam- 
inants are not present, a thorough bake should 


be performed to prevent premature introduction. 


of an electrolyte. 
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CONCLUSION 


This discussion has attempted to educate the 
user with the pertinent concepts of reliability, 
quality assurance, vendor selection and product 
use. Motorola’s reputation for reliability and 
customer support has been established by the 
philosophy of its leadership and is being per- 
petuated through the efforts of MOS Reliability 
and Quality Assurance. Customer assistance is 
always available through sales offices, marketing 
or R & OA personnel directly. 
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MECHANICAL DATA 


The packaging availability for each device is indicated on the individual data sheets, Dimensions 
for the packages are given in this section. Pin assignment drawings are included in Chapter 8 for con- 
venient reference. . 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


om | MILLIMETERS| INCHES | 
| MIN | | MIN | 


| MAX | | MAX | 
L-A| wos wes oreo} oe | 
|B | 6.10{ 7.49} 0.240 | 
teat tetaagt te 
0.53 0.021 





NOTES: 

1. LEADS WITHIN 0.13 mm (0.005) RADIUS 
OF TRUE POSITION AT SEATING PLANE 
AT MAXIMUM MATERIAL CONDITION. 

2. PKG. INDEX: NOTCH IN LEAD 
NOTCH IN CERAMIC OR INK DOT. 

3. DIM “A” AND “B" BO NOT 
INCLUDE GLASS RUN-OUT. 

4. DIM “L” TO INSIDE.OF LEADS (MEASURED 
0.57 mm (0.020) BELOW BODY) 


L SUFFIX 
CERAMIC PACKAGE 
CASE 632 


LK! 
SEATING NOTES: 


PLANE 1. DIM “A” AND “B’.D0 NOT .- 
: INCLUDE GLASS RUN-OUT. 
2. DIM “L” TO INSIDE OF LEADS 
(MEASURED 0.51 mm (0.020) BELOW 
BODY) 


CASE 632-04 





MECHANICAL DATA (Continued) 


P SUFFIX 
PLASTIC PACKAGE | 
CASE 646 


NOTES: 

1. LEADS WITHIN 0.13 mm 
(0.005) RADIUS OF TRUE 
POSITION AT SEATING 
PLANE AT MAXIMUM 
MATERIAL CONDITION. 

- DIMENSION “L” TO 
CENTER OF LEADS 
WHEN FORMED 
PARALLEL 


ies RLUMETERST CHES 
Fecrsrrinranr 


penne Bats 


| 0.38 | 0.51 | 0.015 | 
SE 0.040 | 0.060 
TG | 254BS8C 0.100 BSC 


PH { 1.32 | 1.83 [0.052 F 0.072 
Pi taar tose onne toon | 
Pk Page [343 [0.115 [0.135 | 
pt srt 187 fozso 105 
SEATING : TM | — { 10° | 
Aon , retire far ron 


Pacbasry 076 too poo 


CASE 646-03 


ub tal | 





P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


NOTES: 

1. LEADS WITHIN 0.13 mm 
(0.005) RADIUS OF TRUE 
POSITION AT SEATING 
PLANE AT MAXIMUM 
MATERIAL CONDITION. 

- DIMENSION “L” TO 


CENTER OF LEADS ~~ INCHES 
WHEN FORMED 


PMA LCN MAK 
PARALLEL oasis 


ee 
[0.51 | 0.015 | 0.020 





CASE 648-03 





MECHANICAL DATA (continued) 


L SUFFIX 
CERAMIC PACKAGE 
CASE 688 


mn aaAMETERSL. | INGHES. J 
[MIN | MAX | 


[MIN] 
[A_| 5.97 | 7.11 | 0.235 | 0.280 | 
|B | 4.32 | 5.72 | 0.170 

Pc {1.17 [1.91 | 0.046 
po a8 tos) J 0.010 | 0.020 | 
LF | 0.08 | 0.003 
|G | 1.27,BS¢ 
| H 0.89 
| K | 1.90 | 3.05 | 0.075 | 0.120 | 
LN | 0.89 | 1.52 | 0.035 | 0.060 | 


NOTES: 
- 1. LEADS, TRUE POSITIONED 
WITHIN 0.13 mm (0.005) RADIUS 
TO DIM “A” & “B” AT MAXIMUM 
MATERIAL CONDITION. 


L SUFFIX 
CERAMIC PACKAGE 
CASE 690 


1. LEADS WITHIN 0.13 mm (0.005) RADIUS 
OF TRUE POSITION AT SEATING PLANE 
AT MAXIMUM MATERIAL CONDITION. 


KY 


, ' ' \ 
- [. ~| M 
SEATING PLANE |< 


CASE 690-08 
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MECHANICAL DATA (continued) 


Z SUFFIX 
LEADLESS CERAMIC PACKAGE 
: CASE 703 





BOTTOM 


NOTE: 

1. SLOTS, TRUE 
POSITIONED 
WITHIN 0.25 mm 
(0.010) TOTAL 
TO DIM. A and 8B 
AT MAXIMUM 
MATERIAL 
CONDITION, 


CASE 703-01 


P SUFFIX 
PLASTIC PACKAGE 
CASE 704 


om ae MILLIMETERS teTERS| INCHES J 
rx sas eae fz oa 
0.224 | 0.250 
| 0.160 | 0.200 | 


CASE 704-02 
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MECHANICAL DATA (continued) 





P SUFFIX 
PLASTIC PACKAGE 
CASE 709 


L 
Cc 


eaescere Mg ae 
‘RTA, _ 


aes 


— 


SEATING 
PLANE 


NOTES: 

1. LEADS, TRUE POSITIONED - 
WITHIN 0.25 mm (0.010) DIA 
AT SEATING PLANE AT 
MAXIMUM MATERIAL CON: 
DITION. (DIM. “D") 

. DIM "L” TO CENTER OF 
LEADS WHEN FORMED 
PARALLEL. 


CASE 709-01 


L SUFFIX 
CERAMIC PACKAGE 
CASE 715 





REE ele 


SEATING PLANE 


NOTE: - 

1. LEADS, TRUE POSITIONED WITHIN 
0.25 mm (0.010) DIA (AT SEATING 
PLANE), AT MAX. MAT'L 
CONDITION. 
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CASE 716 
“hy 
I-— tL 


CERAMIC PACKAGE 


== 


PLANE G— 


SEATING 





MECHANICAL DATA (Continued) 


_ CASE 716-02 


NOTE: 


0.25mm (0.010) DIA (AT SEATING 
PLANE) AT MAXIMUM MATERIAL 


1. LEADS TRUE POSITIONED WITHIN 
CONDITION. 








_ PIN ASSIGNMENTS 






MC14000 : MC14001,,MC14001B , MC14002, MC 140028 
Dual 3-Input NOR Gate Plus Quad.2-input NOR Gate Dual 4-Input NOR Gate 
Inverter 


_ MC14006B MC14007B MC14008B 
18-Bit Static Shift Register Dual Complementary Pair Plus _* 4-Bit Full Adder 
Inverter ; 


on oO a & WD = 


MC14011, MC14011B MC14012, MC14012B MC14013B 
Quad 2-Input NAND Gate Dual 4-Input NAND Gate Dual Type D Flip-Flop 


NC = No Connection 


PIN ASSIGNMENTS (continued) 


- MC14014B MC14015B MC14016B 
8-Bit Static Shift Register Dual 4-Bit Static Shift Register Quad Analog Switch/Quad 
Multiplexer 


2 CJOut1 Control! 1} 13 
3 C4 Out2 Control 4-3 12 


5 CS Control 2 Out 4-210 
6 = Contro!l 3 Out 3 [219 


MC14017B MC14018B McC 14020B 
Decade Counter/Divider Presettable Divide-by-N Counter 14-Bit Binary Counter 


1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 


MC14021B MC14022B MC14023, MC14023B 
8-Bit Static Shift Register ’ Octal Counter/Divider Triple 3-input NAND Gate 





NC = No Connection 
- 8-3 


PIN ASSIGNMENTS (continued) 


MC 14024B MC14025, MC140258 MC140278 
Seven-Stage Ripple Counter Triple 3-input NOR Gate Dual J-K Flip-Flop 





MC14028B ' MC14032B MC14034B 
BCD-To-Decimal Decoder/ Triple Serial Adder 8-Bit Universal Bus Register 
Binary-To-Octal Decoder (Positive Logic) 


1 
2 
3 
4 
5 
6 
7 
8 


MC140358 MC14038B MIC 14040B 
4-Bit Paratlel-In/Paralle! Out Triple Serial Adder 12-Bit Binary Counter 
Shift Register (Negative Logic) , 


on oan nan WH = 


NC = No Connection 
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PIN ASSIGNMENTS (continued) 


MC14042B MC14043B MC14044B 
Quad Latch Quad NOR RSS Latch Quad NAND RSS Latch . 


) 


1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 


MC14046B MC14049B MC14050B 
Phase-Locked Loop Hex Inverter/Buffer Hex Buffer 


PCP out 
PClout Zener [715 
PCB in 


ont oath ®©N = 
On oOo B- WN = 
On oaarWn = 


MC14051B_ Ce MC14052B ; MC14053B f 
8-Channel Analog Dual 4-Channel Analog Triple 2-Channe! Analog 
Multiplexer/Demuitiplexer Multiplexer/Demultiplexer Multiplexer/Demultiplexer 


onrnr ouwnr wn a= 





NC = No Connection 


PIN ASSIGNMENTS (continued) 


MC14066B «MC 14068B | _ _MiC140698 
. Quad Analog Switch 8-Input NAND Gate Hex inverter 
Quad Multiplexer 








2 CJ Ourl Control 19 13 
3 CM Out2 Control 4-3 12 


5 C= Contro! 2 Out 4310 
6 C= Contro!l 3 Out 3 Fo 9 


MC14070B MC14071, MC14071B MC14072B 
Quad Exclusive OR Gate ~ Quad 2-Input OR Gate Dual 4-Input OR Gate 


MC14073B — MC14075B : MC14076B 
. Triple 3-Input AND Gate Triple 3-Input OR Gate - Quad D-Type Register 


— ee Vopr 16 
Disable 


ON AGA WH = 


Cc Vss Sake pe ae 9 


“NC = No Connection 


R-6 


_PIN ASSIGNMENTS (continued) 


MC14077B MC14078B MC14081, MC14081B 
Quad Exclusive NOR Gate 8-Input NOR Gate Quad 2-Input AND Gate 


MC14082B '. MC14093B MC14160B 
Dual 4-Input AND Gate Quad 2-Input NAND Decade Counter 
Schmitt Trigger with Asynchronous Clear 


MC14161B | MC14162B : MC14163B 
4-Bit Binary Counter Decade Counter 4-Bit Binary Counter 
with Asynchronous Clear With Synchronous Clear With Synchronous Clear 


oan ono B&B WN = 
On oO non & WN wa 





NC = No Connection 


PIN ASSIGNMENTS (continued) 



















MC14175B 
Quad Type D Flip-Flop 


MC14174B 
Hex Type D Flip-Flop 


MC14194B 
4-Bit Bidirectional 
Universal Shift Register 

























MC 14408 







MC14409 MC14410 
Binary to Phone Pulse Binary to Phone Pulse 2-of-8 Tone Encoder 
Converter Subsystem 


Converter Subsystem 

















LBout 
R1 
R2 
R3 
R4- 


OYNOObhWN = 
ONY A OAAWDHD o 










Vss _ Osour F399 
















MC14411 
Bit Rate Generator 


MC14415 
Quad Precision Timer/Driver 


MC14412 
Universal 
Low Speed Modem 






O~7 OO eB WH = 









On oO oO fF WN = 
on onnankh WN = 





NC = No Connection 


RR 


PIN ASSIGNMENTS (continued) 


MC 14431 
12-Bit Binary A/D Converter . 
Digital Subsystem 


MC14419 MC 14422 
2-of-8 Keypad-to-Binary Remote Control 
Encoder Transmitter 


on nOAaoak WN = 


To be introduced To be introduced 


MC14433 MC 14435 


3-% Digit A/D Converter 3-% Digit A/D Logic LCD Watch/Clock 
Circuit 


OnN OO BF WN = 
— 


1 
2 
3 
4 
5 
6 
7 
8 


- o 0 On AO &B WN 


= 


To be introduced 


sa 
QO oN 


MC14450 MC14451 
Oscillator/2'© pivider/ — Oscillator/211 to 219 Divider/ 
Buffer Buffered Duty Cycle Control 


—- = a wl 
anna 


1 ooaOscout Vop F™6 


Na 
oO © 





NC = No Connection 


PIN ASSIGNM ENTS (continued) 





MC14452 MC14490 | MC14501 
Digitally Trimmed _ Hex Contact Bounce Triple Gate 
Frequency Divider Eliminator 


on oar WN 
OnwY OO PB WN = 


To be introduced 


MC14502B8 MC14503B MCM14505 
Strobed Hex Inverter/Buffer Hex 3-State Buffer 64-Bit Static Random 
Access Memory 


1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 


MC14506B MC14507 MC14508B 
Dual Expandable AND-OR-INVERT Quad Exclusive OR Gate Dual 4-Bit Latch 
Gate. : 


Vop 
ZA 
Disable 


ON OOP WN OA 


oN OO PWN = 


“NC = No Connection 
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FIN ASSIGNIVIENTS (continued) 


MC14510B - MC14511B . Mc14512 
BCD Up/Down Counter BCD-To-Seven Segment 8-Channel Data Selector 
Latch/Decoder/Driver 


PE 
a4 
PA 

P41 
Carry In 
a1 


On OO BA WD = 
ON OAR WN 


-MC14514B - MC14515B MC14516B 
4-Bit Latch/4-To-16 Line Decoder 4-Bit Latch/4-To-16 Line Decoder Binary Up/Down Counter 


PE 
a4 

1 p4 
P41 
Carry In 


(4 Carry Out U/D 
R 


@OnN OORWN 
On OOP WN. @ 


MC14517B MC14518B MC14519B 
Dual 64-Bit Static Shift Register Dual BCD Up Counter 4-Bit AND/OR Selector 


on ognr wn = 
on OO KR WN | 
On A oO BP WN 





NC = No Connection 


o14 


PIN ASSIGNMENTS (continued) 





| _MC14520B MC14521B | - MC14522B © 
Dual Binary Up Counter 24-Stage Frequency Divider Programmable Divide-By-N-4-Bit 
, BCD Counter aes 


oN Ont WN = 


Mcm14524 | MC14526B MC14527B 
1024-Bit Read Only Memory Programmable Divide-By-N-4-Bit BCD Rate Multiplier 
Binary Counter , 


FON = 


1 
2 
3 
4 

‘5 
6 
7 
8 


ono ol 
on oaapapwn = 


MC14528B "  Mc145298 MC14530B 
Dual Retriggerable/Resettable Dual 4-Channel Analog Dual 5-Input Majority Logic Gate 
Monostable Multivibrator Data Selector 





ON OO BRB wWN = 
ON AT KRWN = 


NC = No Connection 


-R-19 


PIN ASSIGNMENTS (continued) | 



















MC14534B 
Real Time 5-Decade Counter 


MC14532B 
8-Bit Priority Encoder 


MC14531B 
12-Bit Parity Tree 





oN MD oO & WN = 





OnN OO B&B WN =A 























MC14536B MC14537 MC14538B 
Programmable Timer 256-Bit Static Random Dual Precision © 
Access Memory Retriggerable/Resettabie 


Monostable Muiltivibrator 







Ose Inh—14 
Decodef—_J 13 





In 
Out 1 
Out 2 
8-Bypass 
Clock tnh 










on nor WAN = 





Vss 










| MC14543B 
BCD-To-Seven Segment Latch/ 
Decoder/Driver 


MC14541B 
Programmable Osciliator/Timer 







MC14539B 
Dual 4-Channel Data 
Selector/Multiplexer 









Mode 
Q/G Sel 
Q 








On Oar won = 


NC = No Connection 


PIN ASSIGNMENTS (continued) 






MC14549B—l 7  MCM14552 | MC14553B 
Successive Approximation ° 256-Bit Static 3-Digit BCD Counter 
Register Random Access Memory 


ON OO BWN =| 


on on BK WN = 
onroanrh WN = 


MC14554B MC14555B MC14556B 
2 x 2-Bit Parallel Binary Dual Binary to 1-of-4 Decoder/ Dual Binary to 1-of-4. Decoder/ 
Multiplier Demultiplexer Demultiplexer 


on oO oO B WN 
OnN OTF WN 


MC14557B MC14558B _ MC14559B 
1 to 64-Bit Variable Length BCD-to-Seven Segment Successive Approximation 
Shift Register , Register 


on oar Wn = 
on oor WN = 


NC = No Connection 
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PIN ASSIGNMENTS (continued) 





MC14560B MC14561B MC14562B 
NBCD Adder 9’s Complementer_- 128-Bit Static Shift Register 


oaonr oar WN = 


MC14566B MC14568B MC14569B 
Industrial Time Base. Phase Comparator and High Speed Programmable 
Generator Programmable Counters Divide-by-N Dual 4-Bit 
BCD/Binary Counter — 


1 
2 
3 
4 
5 
6 
7 
8 


MC14572 MC14580B MC14581B . 
Hex Gate 4x 4 Multiport Register 4-Bit Arithmetic Logic Unit 


ono aa WN = 
On OoOoanskWN = 
on OO OH BB WN = 


NC = No Cennection 
8-15. . 


__MC145828 -  c14s83B MC14584B 
Look-Ahead Carry Block : _ Dual Schmitt Trigger Hex Schmitt Trigger 


SON Oak oan = 


MC14585B 
4-Bit Magnitude Comparator — 


(A>Blin (A>Blout 
(A<B)in (A<B8)out 
(A= B)in BO 
Al . “AO 


Vss B1 





NC = No Connection. 
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